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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the stability of the flight 
distance and flight direction by setting a sweet area in response to the 
driven ball distribution of an average golfer. 

SOLUTION: When a golf club is placed on a plane at the prescribed lie 
angle and the loft angle, the angle 0 between the X-axis and the straight 
line obtained by projecting the principal axis of inertia having the 
minimum angle against the X-axis among three principal axes of inertia 
r|, £ perpendicular to each other of the golf club head on the XZ plane is 
set to 10° -40° , where the Z-axis is the direction perpendicular to the 
plane, the X-axis is the axis parallel with the tangential line at the 
centroid of the face surface of the golf club head and perpendicular to 
the Z-axis, the Y-axis is the axis perpendicular to the Z-axis and the X- 
axis, and the origin of the coordinate axes is located at the center of 
gravity G of the golf club head. 
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CLAIMS 



[Claim(s)] 

[Claim 1] When a golf club arm head is installed in a plane on a predetermined rye 
angle and a predetermined loft angle As opposed to a tangent [ in / for a direction 
perpendicular to this plane / a center of figure of a face side of the Z-axis and a golf 
club arm head ] an parallel and shaft perpendicular to the above-mentioned Z-axis 
The X-axis. When an axis of coordinates which set a Y-axis as a shaft which 
intersects perpendicularly to the above-mentioned Z-axis and the X-axis, and made a 
zero a center of gravity of a golf club arm head is taken A golf club arm head which set 
a straight line to which an angle with the X-axis to make projected smallest principal 
axis of moment on XZ plane among three principal axes of moment which intersect 
perpendicularly mutually [ a golf club arm head ]. and an angle with the X-axis to make 
as 1 0 degrees or more 40 degrees or less. 

[Claim 2] A golf club arm head according to claim 1 among three principal axes of 
moment which intersect perpendicularly mutually with surrounding principal moment 
of inertia of a principal axis of moment with smallest angle with the X-axis to make 
smaller than principal moment of inertia of the circumference of a principal axis of 
moment with smallest angle with the Z-axis to make among three principal axes of 
moment which intersect perpendicularly mutually [ the above-mentioned golf club arm 
head ]. 

[Claim 3] The above-mentioned golf club arm head is a golf club arm head according 
to claim 1 or 2 which is 10 degrees or more, and has set up an angle which a straight 
line to which an angle with the X-axis to make projected smallest principal axis of 
moment on XZ plane among three principal axes of moment which the weight 
distribution are changed and intersect perpendicularly mutually [ a top love arm head ]. 
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and the X-axis make so that it may become 40 or less degrees. 

[Claim 4] A golf club arm head according to claim 3 which enlarges weight distribution 
of the tow side upper part and/or the heel side lower part. 

[Claim 5] The above-mentioned golf club arm head is a golf club arm head given in any 
1 term of claim 1 which is an iron mold and makes smaller than specific gravity of a 
material of other portions specific gravity of a material which constitutes the neck 
section thru/or claim 4. 

[Claim 6] A golf club arm head according to claim 4 which enlarges weight distribution 
of the tow side upper part and/or the heel side lower part by arranging a metal with 
bigger specific gravity than a head member in the tow side upper part and/or the heel 
side lower part. 

[Claim 7] When a wood mold golf club arm head is installed in a plane on a 
predetermined rye angle and a predetermined loft angle, are parallel to a tangent [ in / 
for a direction perpendicular to this plane / a center of figure of a face side of the 
Z-axis and a golf club arm head ]. And a Y-axis is set as a shaft perpendicular to the 
X-axis, the above-mentioned Z-axis, and the X-axis for a shaft perpendicular to the 
above-mentioned Z-axis. Inside of a second moment of a field which surrounds an 
outline of a face when seeing this golf club arm head from Y shaft orientations when 
an axis of coordinates which made a zero a center of gravity of a golf club arm head is 
taken, Are the range whose angle which a moment shaft and the above-mentioned 
X-axis of the minimum second moment make is zero - 20 degrees, and weight 
distribution of the tow side upper part and/or the heel side lower part are enlarged. A 
wood mold golf club arm head which an angle which a straight line to which an angle 
with the X-axis to make projected smallest principal axis of moment on XZ plane 
among three principal axes of moment which intersect perpendicularly mutually [ this 
golf club arm head ], and the X-axis make is 10 degrees or more, and was set up so 
that it might become 40 or less degrees. 

[Claim 8] The above-mentioned wood mold golf club arm head is a wood mold golf club 
arm head according to claim 7 to which it is hollow structure and an average thick 
twist of the husks also makes size thickness of the tow side upper part and/ or the 
heel side lower part. 

[Claim 9] The above-mentioned wood mold golf club arm head is a wood mold golf club 
arm head according to claim 7 which is a solid or hollow structure which constituted a 
main part from wooden, a product made of resin, or a product made from composite, 
and arranges a metal weight object with bigger specific gravity than this body material 
in the tow side upper part and/or the heel side (ower part. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the 
improvement in stability of flight distance and the direction of a fly by setting up 
SUWITO area especially according to RBI distribution of an average golfer about a golf 
club arm head. 
[0002] 

[Description of the Prior Art] The field (SUWITO area) where the restitution 
coefficient when carrying out the hit ball of the golf ball is high exists in the face side 
of a golf club arm head. If a golf ball can be applied to this SUWITO area at the time of 
a hit ball, big flight distance will be obtained and the directivity of a hit ball will also be 
stabilized. However, dispersion is in the location (RBI) where the golf ball which carries 
out a hit ball hits on a face side especially in the case of the average golfer (average 
golfer) of workmanship, it is not fixed, and the area of distribution (RBI distribution) of 
the RBI on a face side is comparatively large. Therefore, it is not necessarily easy for 
an average golfer to do the hit ball of the golf ball certainly in SUWITO area. 
[0003] On the other hand, the attempt which can be made to carry out a hit ball in 
SUWITO area certainly is made by expanding the above-mentioned SUWITO area or 
doubling the location of SUWITO area with RBI distribution of a golfer conventionally. 
[0004] first as an attempt to which the above-mentioned SUWITO area is expanded 
From it being common knowledge that the area of SUWITO area is also large, if the 
moment of inertia of a golf club arm head is large For example, the club head of an iron 
is made into the configuration (mold cavity back configuration) where the crevice 
(cavity) was established in the face side and the field of the opposite side. By devising 
arranging weight to the periphery of an arm head, the component of a golf club arm 
head, and structure, and enlarging an arm head, moment of inertia is set up greatly and 
the attempt expanded to SUWITO area as shows the SUWITO area shown by one by 
1 ' occurs among drawing 1 2 (A). 

[0005] next, as an attempt which is going to double the location of SUWITO area with 
RBI distribution of a golfer Since the center of SUWITO area is mostly in agreement 
with the location of the foot of perpendicular taken down from the center of gravity of 
a club head to the face side, as it makes low the center-of-gravity location of a golf 
club arm head or drawing 12 (B) shows it By setting the center of gravity of a golf club 
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arm head to a tow side, the attempt which moves the SUWITO area located in the 
location as shown by 1 to the location shown by 1 " occurs. 
[0006] It corresponds to this kind of attempt, or there are the following as 
conventional technology relevant to this. First, paying attention to the principal axis of 
moment of a golf club arm head, the golf club arm head which increased moment of 
inertia is indicated by JP.5-57034.A by enlarging the weight distribution near this 
principal axis of moment. 

[0007] Moreover, when carrying out the hit ball of the golf ball to JP.4-56629.B by the 
wood club head If an RBI separates from the center of gravity of a golf club arm head, 
when a club head will rotate, spin arises on a ball. If an RBI is tow approach from a 
center of gravity, hook spin will be applied to a golf ball. Its attention is paid to the 
phenomenon (the gear effect) which will require a slice pin for a golf ball if it is heel 
approach. This gear effect is investigated about various RBIs. and aiming at 
amelioration of a golf club arm head is indicated by by finding out the shaft (true axis 
of rotation) which constitutes the boundary of the above-mentioned hook spin and a 
slice pin. Moment of inertia is made to increase in ******** and this JP.4-56629.B by 
setting up the convex configuration of a wood club head centering on the above "the 
true axis of rotation", and setting up the weight distribution of the direction of a right 
angle greatly to "the true axis of rotation." 

[0008] Moreover, in the iron of the above-mentioned mold cavity back configuration, 
increasing the moment of inertia of the circumference of the above-mentioned true 
axis of rotation is indicated by the U.S. Pat. No. 5,224,705 number by devising the 
configuration of a mold cavity and enlarging the weight distribution of the upper part of 
the tow of a golf club arm head, and the lower part of a heel. 

[0009] On the other hand, this invention person investigated RBI distribution when an 
average golfer does the hit ball of the golf ball by actually conducting a hit ball 
experiment. In this investigation, about a number five iron, a driver, and three kinds of 
golf club arm heads of a number nine iron, 15 average golfers actually did the hit ball of 
the golf ball of a predetermined number, and investigated RBI distribution. 
[0010] Drawing 13 shows an example (RBI distribution about one of 15 
above-mentioned test subjects) of RBI distribution of a number five iron. Among this 
drawing 13 , when the golf club arm head 5 has been arranged at the plane 7 so that it 
may become the predetermined rye angle alpha and the loft angle beta as shown in 
drawing 14 (A) and (B), a horizontal axis x To this plane 7, it is an parallel shaft and can 
set on face side 5a. heel (edge by the side of neck section 5b of golf club arm head 5) 
5c side [ of the center of figure R of face side 5a to the golf club arm head 5 ], and tow 
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(edge of neck section 5b [ of the golf club arm head 5 ] f and the opposite side) 5d — 
the distance to a side is shown. On the other hand, the axis of ordinate z shows the 
distance of a direction (the vertical direction) perpendicular to the above-mentioned 
horizontal axis x from the center of figure R of face side 5a on face side 5a. 
[001 1] As shown in above-mentioned drawing 13 , hit ball distribution of an average 
golfer leans to pars-basilaris-ossis-occipitalis 5e of the golf club arm head 5 when 
elliptical [ long and slender ] is shown in the horizontal-axis x direction as shown by 10 
and elliptical [ this ] has arranged the golf club arm head 5 on the above-mentioned 
predetermined rye angle alpha and the loft square beta, and a plane 7. 
[0012] About each RBI 1 1 shown in above-mentioned drawing 13 , the coordinate of 
the above-mentioned horizontal axis x and an axis of ordinate z was measured, the 
major axis L of the ellipse 10 which RBI distribution constitutes with the least square 
method was searched for further, and it asked for the inclination of the ellipse 10 
which RBI distribution constitutes. As an inclination of this RBI distribution, as shown 
in above-mentioned drawing 14 (A) and (B) When the golf club arm head 5 has been 
arranged on a plane 7 so that the predetermined rye angle alpha and the loft angle 
beta may be formed It is a tangent [ in / using the center of gravity G of the golf club 
arm head 5 as a zero / for the shaft of a direction perpendicular to a plane 7 / the 
center of figure R of Z-axis and face side 5a ], and is the X-axis (in the case of an iron 
head) about a shaft perpendicular to the Z-axis. since face side 5a comes out and 
there is, a shaft [ parallel to face side 5a and ] perpendicular to the Z-axis turns into 
this X-axis. The rectangular coordinates shaft which sets a Y-axis as a shaft 
perpendicular to the X-axis and the Z-axis was set up, and projection line U to XZ 
plane of the major axis L of the above-mentioned RBI distribution asked for the 
X-axis and the angle to make. 

[0013] When the inclination of the above-mentioned RBI distribution when carrying 
out a hit ball by the number five iron was investigated about 15 test subjects, number 
distribution of the inclination of RBI distribution came to be shown in drawing 15 (B). 
Similarly, when the inclination of RBI distribution of each test subject and RBI 
distribution was investigated also about the driver and the number nine iron, the 
number distribution came to be shown in drawing 1 5 (A) and (C). These drawing 1 5 (A), 
(B), and (C) showed concentrating the inclination of the above-mentioned RBI 
distribution when an average golfer does a hit ball on the range of 10 to 40 degrees 
almost regardless of the class of golf club arm head. 

[0014] however — the above — this invention — a person — an experiment — 
having found out — an average golfer — an RBI — distribution — the above — the 
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former — SUWITO — area — area — expanding — **** — SUWITO — area — a 
location — changing — an attempt — comparing — if — the above — drawing 12 — 
( — A — ) — ( — B — ) — being shown — as — an average golfer — an RBI — 11 — 
distribution — a major axis — L — an inclination — Moreover, about the attempt to 
which moment of inertia is greatly carried out, and SUWITO area is expanded, when 
the function as a club head is taken into consideration, since weight of a club head 
cannot be made heavier than a certain amount of weight, there is a limit in enlarging 
moment of inertia. 

[0015] On the other hand, it does not pass over above-mentioned JP,5-57034,A to 
enlarge the weight distribution near the principal axis of moment, and make moment of 
inertia increase, and since it is not what changes the location and inclination of 
SUWITO area on a face side, it cannot set SUWITO area as the RBI distribution of an 
average golfer which the above-mentioned this invention person found out. 
[0016] Moreover, neither JP.4-56629.B nor a U.S. Pat. No. 5,224,705 number aims at 
amelioration of a golf club arm head as mentioned above paying attention to the true 
axis of rotation about the gear effect, and is not taking into consideration RBI 
distribution of a golfer and the relation of sweet area directly. Therefore, based on 
such conventional technology, it cannot be said that SUWITO area is doubled with RBI 
distribution of an average golfer. 

[001 7] On the other hand, improving a golf club arm head paying attention to RBI 
distribution is indicated by JP,7-1 24275,A. Namely, it aims at reducing the struck 
frequency which doubling with the major axis of the ellipse of RBI distribution the 
sense of the main shaft in which the minimum moment of inertia of the face 
configuration which RBI distribution of the golf ball on a face side is an ellipse-like, and 
was projected on the plane paying attention to inclining to the pars basilaris ossis 
occipitalis of a club head is shown is indicated by this JP,7-124275,A, and completely 
separates from the boundary of the face of a driver, or separates partially. 
[0018] 

[Problem(s) to be Solved by the Invention] However, in above-mentioned 
JP,7-124275,A, it is not easy to actual RBI distribution SUWITO area. The 
configuration of a golf club arm head with that actual reason is a three-dimensions 
configuration, and since it is distributed in [ weight ] three dimensions, it also needs to 
set up an inertia mho noodle in consideration of this three-dimensions-configuration 
and gravimetric analysis. However, in above-mentioned JP,7-124275,A, it is not easy 
to have doubled with th above-mentioned RBI distribution the sense which shows 
the minimum moment of inertia of the configuration which projected the face side on 
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the plane, and to double with RBI distribution of an average golfer the actual SUWITO 
area of a golf club arm head which considers a face side to be a plate so to speak, and 
does not pass in consideration of inertia mho METON of this plate, but has 
three-dimensions — as mentioned above a configuration and gravimetric analysis. 
[0019] Moreover, even if it can consider as the configuration which made SUWITO 
area incline according to RBI distribution of an average golfer as a configuration of 
above-mentioned JP,7-124275,A, the configuration of a golf club arm head will differ 
from the conventional configuration greatly. In that case, in the golf said to be a very 
mental sport, the golf club arm head on which appearance differs from the 
conventional configuration is hard to be accepted in a golfer. 

[0020] This invention makes it the 1st technical problem to aim at improvement in 
flight distance when an average golfer does the hit ball of the golf ball, the stability of 
a flight direction, etc. by having been made in view of the problem in the 
above-mentioned conventional golf club arm head, and doubling the configuration of 
the SUWITO area on a face side with RBI distribution of an average golfer. 
[0021] Furthermore, this invention makes it the 2nd technical problem to offer the golf 
club arm head which is not different from the configuration of the conventional golf 
club arm head, when the configuration of SUWITO area is united with RBI distribution 
of an average golfer and made to incline. 

[0022] This invention makes it the 3rd technical problem to offer the optimal structure 
where the configuration of SUWITO area can be united with RBI distribution of an 
average golfer, and can be made to incline in the golf club arm head of an iron mold 
and a wood mold further again. 
[0023] 

[Means for Solving the Problem] In order for this invention person to have first and to 
solve the 1st technical problem, various simulations and an experiment investigated in 
details effect kinetic property, such as weight of a golf club arm head and moment of 
inertia, affects SUWITO area of a golf club arm head, and a configuration of SUWITO 
area showed clearly that it is dependent on a principal axis of moment and principal 
moment of inertia of a club head. Hereafter, relation between SUWITO area, a principal 
axis of moment, and principal moment of inertia is explained. 

[0024] First, although a field where a restitution coefficient on a face side is large is 
referred to as having described above generally as SUWITO area, there is no definition 
of a formula. Then, a restitution coefficient makes SUWITO area a field to which a 
point on a face side to which only constant value falls was connected to a restitution 
coefficient (the maximum restitution coefficient) in an RBI from which a restitution 
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coefficient on a face side serves as max. In addition, the above-mentioned restitution 
coefficient breaks initial velocity of a golf ball immediately after the hit ball was carried 
out by golf club arm head at speed of a golf club arm head in front of a moment 
(impact) of a hit ball. In the following explanation, constant value of a fall of the 
above-mentioned restitution coefficient is set to 0.02. Although a fall of 0.02 of this 
restitution coefficient is based also on a class and a golf ball which carries out a hit 
ball of a golf club arm head, it is equivalent to a fall of about 5-yard flight distance. 
[0025] When a rectangular coordinates shaft (X-Y-Z coordinate system) of three 
dimensions is set up. the moment of inertia IXX, IYY, and IZZ of the circumference of 
the X-axis, a Y-axis, and the Z-axis is defined by the following formula. 
[0026] 
[Equation 1] 

[0027] Moreover, the product of inertia is defined by the following formula. 

[0028] 

[Equation 2] 

[0029] In the above-mentioned formula (1) and (2), rho is the function of position 
vector r by density. When the center of gravity of the rigid body is made into the zero 
of the above-mentioned rectangular coordinates shaft, the relational expression of 
angular momentum L and angular velocity omega is expressed as follows using the 
above-mentioned moment of inertia and the product of inertia. 
[0030] 
[Equation 3] 

[0031] Setting at an above-mentioned ceremony (3), LX. LY. and LZ are X [ of angular 
momentum ], Y, Z component, omegaX, and omegaY, and omegaZ. They are X of 
angular velocity, Y, and Z component. 

[0032] A principal axis of moment is a shaft referred to in case the axis of coordinates 
for considering movement of the rigid body is set up, if this principal axis of moment is 
taken on a rectangular coordinates shaft, among the formula (3) showing the relation 
between the above-mentioned angular momentum L and angular velocity omega, the 
non-diagonal term (-IXY, -IXZ, -IYX, -IYZ, -IZX, -IZY) of the symmetric matrix of the 
following three-line three trains will be set to 0, and relational expression will become 
independent. Therefore, the characteristic vector of the symmetric matrix of these 
three-line three trains shows the direction of a principal axis of moment. 
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[0033] 
[Equation 4] 



[0034] Principal moment of inertia means the moment of inertia of the circumference 
of a principal axis of moment. 

[0035] First, as shown in drawing 16 (A), the length of X' shaft orientations 
(longitudinal direction) considers the relation between SUWITO area, a principal axis 
of moment, and principal moment of inertia about the case where a ball collides 
perpendicularly to the homogeneous rectangular plate 15 long enough to the length of 
Z' shaft orientations (lengthwise direction). 

[0036] in this case, X' shaft and the direction of a major axis of SUWITO area 16 
correspond, and it is long to Z'X shaft and whose direction of minor axis correspond 1 
shaft orientations — it becomes elliptical mostly. The major axis and minor axis of 
SUITOERI 16 are in agreement with X'shaft and Z' shaft, because the principal axes of 
moment xi and zeta of a rectangular plate 15 correspond with X'shaft and Z' shaft to 
X'shaft and Z' shaft, since it is symmetrical. Moreover, the SUWITO area 16 serves as 
a configuration long to X' shaft orientations as mentioned above because the principal 
moment of inertia of the circumference of the principal axis of moment zeta which is 
in agreement with Z' shaft is larger than the principal moment of inertia of the 
circumference of the principal axis of moment xi which is in agreement with X' shaft. 
[0037] Next, as shown in drawing 1 6 (B), the weight of top-most-vertices 1 7b which is 
on one diagonal line a1 among four top-most vertices 17a, 17b, 17c, and 17d of the 
above-mentioned rectangular plate 15, and an about 17d portion is moved to the 
top-most vertices 1 7a and 1 7c on another diagonal line a2. In this case, although the 
total weight of board 17' is the same as the rectangular plate 15 of drawing 1 6 (A), the 
SUWITO area 16 is rotated towards the diagonal line a2 to which the 
above-mentioned weight was moved. Moreover, if the principal axis of moment at this 
time is searched for, principal axes of moment xi and zeta will also rotate to the sense 
of the diagonal line a2 which moved the above-mentioned weight, and will serve as a 
location of the shaft of the SUWITO area 16, and same location. However, since a 
principal axis of moment is decided by the whole weight distribution, even when a part 
of weight is moved as mentioned above, it does not necessarily rotate only the 
movement magnitude in the migration direction. 

[0038] As mentioned above, when a ball collides perpendicularly to a rectangular plate 
17, it turns out that it depends for the configuration of the SUWITO area 16 on the 
principal moment of inertia of the circumference of principal axes of moment xi and 
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zeta and these principal axes of moment xi and zeta. Also about the case where give 
the angle equivalent to the loft angle beta of the above-mentioned golf club 5 (refer to 
drawing 14 (B)) to a rectangular plate 15, and a ball is made to collide, further, when 
this invention person performed the simulation, it has checked [ case / not a mere 
board but / of a rectangular parallelepiped fully with thickness ] that the configuration 
of the SUWITO area on face side 5a was dependent on a principal axis of moment and 
principal moment of inertia. 

[0039] This invention sets up SUWITO area so that RBI distribution of the average 
golfer who asked the above-mentioned experiment target for the configuration of 
SUWITO area may be suited based on the ability to set SUWITO area as a desired 
configuration by setup of a principal axis of moment and principal moment of inertia in 
this way. 

[0040] Therefore, when a golf club arm head is installed in a plane on a predetermined 
rye angle and a predetermined loft angle, claim 1 As opposed to a tangent [ in / for a 
direction perpendicular to this plane / the center of figure of the face side of the 
Z-axis and a golf club arm head ] an parallel and shaft perpendicular to the 
above-mentioned Z-axis The X-axis, When the axis of coordinates which set the 
Y-axis as the shaft which intersects perpendicularly to the above-mentioned Z-axis 
and the X-axis, and made the zero the center of gravity of a golf club arm head is 
taken The golf club arm head which set the straight line to which the angle with the 
X-axis to make projected the smallest principal axis of moment on XZ plane among 
three principal axes of moment which intersect perpendicularly mutually [ a golf club 
arm head ], and the angle with the X-axis to make as 10 degrees or more 40 degrees 
or less is offered. 

[0041] When the principal axis of moment of a golf club arm head is set up like this 
claim 1 , the SUWITO area of a face side is in agreement with RBI distribution of an 
average golfer. 

[0042] Claim 2 offers the golf club arm head among three principal axes of moment 
which intersect perpendicularly mutually with the surrounding principal moment of 
inertia of a principal axis of moment with the smallest angle with the X-axis to make 
smaller than the principal moment of inertia of the circumference of a principal axis of 
moment with the smallest angle with the Z-axis to make in claim 1 among three 
principal axes of moment which intersect perpendicularly mutually [ the 
above-mentioned golf club arm head ]. 

[0043] Like this claim 2, among three principal axes of moment the angle with the 
X-axis to make the surrounding principal moment of inertia of a small principal axis of 
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moment When it sets up among three principal axes of moment smaller than the 
principal moment of inertia of the circumference of a principal axis of moment with the 
smallest angle with the Z-axis to make The tow side upper part to heel side lower lay 
length becomes longer than right-angled lay length to this direction, and the SUWITO 
area of a face side becomes near with the configuration of RBI distribution of the 
above-mentioned average golfer. 

[0044] In order to set up so that it may be 10 degrees or more and may become 40 or 
less degrees about the angle which the straight line to which the angle with the X-axis 
to make projected the smallest principal axis of moment on XZ plane among three 
principal axes of moment which intersect perpendicularly mutually [ the 
above-mentioned golf club arm head ], and the X-axis make, the gravimetric analysis 
of a golf club arm head is changed. (Claim 3) Specifically, weight distribution of the tow 
side upper part and/or the heel side lower part are enlarged. (Claim 4) 
[0045] It is desirable to set up so that it may be 10 degrees or more and may become 
40 or less degrees about the angle which the straight line to which the angle with the 
X-axis to make projected the smallest principal axis of moment on XZ plane among 
three principal axes of moment which make smaller than the specific gravity of the 
material of other portions the specific gravity of the material which constitutes the 
neck section, and intersect perpendicularly mutually [ a golf club arm head ] when the 
above-mentioned golf club arm head is an iron mold golf club arm head, and the X-axis 
make. (Claim 5) 

[0046] Moreover, it is desirable by arranging a metal with bigger specific gravity than a 
head member in the tow side upper part and/or the heel side lower part to enlarge 
weight distribution of the tow side upper part and/or the heel side lower part. (Claim 
6) 

[0047] When changing the gravimetric analysis of a golf club arm head, the weight of 
the neck section has big effect. In order to set up the angle which the straight line to 
which the angle with the X-axis to make projected the smallest principal axis of 
moment on XZ plane among three principal axes of moment which intersect 
perpendicularly mutually [ the above-mentioned golf club arm head ], and the X-axis 
make so that it may be 10 degrees or more and may become 40 or less degrees The 
length of the neck section shortens or/and lightweight-izing are desirable. When the 
length of the neck section requires sufficient reinforcement to fix a shaft and an arm 
head and the neck section is shortened, the endurance of the neck section and the 
joint of a shaft becomes however, less enough [ the length ]. Therefore, since the 
neck section is not made shorter than length as required, in this invention, the 
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material of the neck section is using what has the small specific gravity which consists 
of light metals which can attain lightweight-ization, such as an aluminum alloy and a 
titanium alloy, as the material which constitutes the neck section, having 
reinforcement. 

[0048] The iron mold golf club arm head of the above-mentioned configuration is made 
into the structure which united the insertion member made from heavy metal which 
manufactured with the lost wax process, for example, connected the tow side up 
laying-under-the-ground section and the heel side lower laying-under-the-ground 
section with the rib with the head main part section which consists of a light metal. 
[0049] Although there are the forging method and a lost wax process as a 
manufacturing method of an iron mold golf club arm head, the lost wax process of the 
flexibility on layout is higher. Although the method of making thickness of a back face 
size in a necessary portion is conventionally used as a method of changing weight 
distribution of a golf club arm head with this lost wax process Since it generally 
consists of single materials, such as stainless steel, it cannot perform easily leaning 
the principal elastic axes which there is a limit on a weight distribution also as a size, 
and described thickness above to 40 or less degrees 10 degrees or more to the X-axis, 
with the conventional configuration maintained. Moreover, although a discharge orifice 
may be prepared and weight members, such as lead and a tungsten, may be inserted in 
this discharge orifice, in order to prepare a discharge orifice, while carrying out post 
processing, even if it inserted the weight member, there was a problem which requires 
trouble for adjusting balance allocation. Moreover, when a weight member was put in 
the back and carried out, the balance of the arm head itself was deviation-easy, and 
there was a problem which cannot offer the golf club arm head of the stable quality. 
[0050] If the insertion member made from heavy metal is prepared as a weight 
member like claim 6, it unifies by insertion mold with a light metal to the 
above-mentioned problem and it prepares, processing trouble does not start and the 
golf club arm head of the stable quality can be offered. 

[0051] What has larger specific gravity than a head main part member is used, and, as 
for the insertion member made from heavy metal used as the above-mentioned weight 
member, metals, such as a tungsten, cobalt, nickel, chromium, and a tantalum, and the 
alloy of those are used suitably. Moreover, when it is a metal with specific gravity 
smaller than an insertion member, what has as near a coefficient of linear expansion 
as an insertion member is used as a head main part member, for example, an insertion 
member considers as a tungsten, a head main part member has desirable stainless 
steel. 
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[0052] First after the manufacturing method of the above-mentioned iron mold golf 
club arm head is in the condition which held the insertion member with the retaining 
pin in wax metal mold and pours in a wax in the space in wax metal mold, it is released 
from mold and creates the wax head model of an iron mold head configuration. If the 
tow side up laying-under-the-ground section and the heel side lower 
laying-under— the-ground section use what was connected with the rib as an insertion 
member at this time, while the installation to metal mold is easy, the location precision 
which a location did not move at the time of wax impregnation or the following wax 
elution, and was stabilized is acquired. Subsequently, the above-mentioned model is 
immersed in a fire-resistant milky lotion, and fire-resistant sand is covered further. 
After drying this, it heats, a wax is eluted and a ROSUTO wax mold (mold) is formed. 
This mold is calcinated at an elevated temperature, and the molten metal of the metal 
used as a head main part member is poured into mold, and is cast in insertion mold. 
After casting, a ROSUTO wax mold is crushed, ejection, the gate, etc. are excised, and 
the iron mold golf club arm head is finish-machined and manufactured. 
[0053] Moreover, it is claim 7, and this invention is parallel to a tangent [ in / for a 
direction perpendicular to this plane / the center of figure of the face side of the 
Z-axis and a golf club arm head ], when a wood mold golf club arm head is installed in 
a plane on a predetermined rye angle and a predetermined loft angle. And a Y-axis is 
set as a shaft perpendicular to the X-axis, the above-mentioned Z-axis, and the 
X-axis for a shaft perpendicular to the above-mentioned Z-axis. The inside of the 
second moment of the field which surrounds the outline of the face when seeing this 
golf club arm head from Y shaft orientations when the axis of coordinates which made 
the zero the center of gravity of a golf club arm head is taken, It is the range of zero - 
20 degrees about the angle which the moment shaft (shaft corresponding to the one 
where the moment of the moment shafts whose two exist is smaller) and the 
above-mentioned X-axis of the minimum second moment make. And weight 
distribution of the tow side upper part of this wood mold golf club arm head and/ or the 
heel side lower part are enlarged. The wood mold golf club arm head set up so that the 
angle which the straight line to which the angle with the X-axis to make projected the 
smallest principal axis of moment on XZ plane among three principal axes of moment 
which intersect perpendicularly mutually [ this golf club arm head ], and the X-axis 
make might become 10 degrees - 40 degrees is offered. 

[0054] In above-mentioned claim 7, the configuration of the conventional golf club arm 
head and a change are in the condition which is not, and offer the wood-head which 
doubled the inclination of SUWITO area with the inclination of RBI distribution, namely, 
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with the golf club arm head indicated by said JP,7-124275,A of the advanced 
technology Although the moment shaft with two main shorter moment-of-inertia 
shafts of the field where the boundary was defined by the edge of a face (namely, 
moment shaft of the minimum second moment) is leaned to 36 degrees from 20 
degrees In this invention, SUWITO area is doubled with the inclination of an RBI 
portion in the wood-head which made the configuration of the conventional golf club 
arm head, and the approximated configuration, without hardly leaning as a range of 0 
times to 20 degrees, and was made into this configuration. 

[0055] Like, the average thick twist of the husks also makes size thickness of the tow 
side upper part and/or the heel side lower part, and the weight distribution for an RBI 
portion inclining and uniting the above-mentioned SUWITO area are changing weight 
distribution, when [ according to claim 8 ] a wood mold golf club arm head is hollow 
structure. (Claim 8) As a means which makes the above-mentioned thickness size, an 
average thick twist may also make the thickness of the tow side upper part and/ or the 
heel side lower part project, or thickness may be made into size as it goes to the tow 
side upper part and/or the heel side lower part. 

[0056] Moreover, also when [ according to claim 9 ] a wood mold golf club arm head is 
which structure of a solid or hollow, while the weight distribution for an RBI portion 
inclining and uniting SUWITO area constitute a main part from wooden, a product 
made of resin, or a product made from composite like, they may arrange a metal 
weight object with bigger specific gravity than this body material in the tow side upper 
part and/or the heel side lower part, and may change weight distribution into them. 
[0057] 

[Embodiment of the Invention] Next, this invention is explained to details based on a 
drawing. In addition, when the golf club arm head 5 has been arranged on a plane 7 in 
the following explanation so that the predetermined rye angle alpha and the loft angle 
beta may be formed as shown in above-mentioned drawing 14 (A) and (B) As shown in 
drawing 14 (A), (B), and drawing 1 (A) and (B), the center of gravity G of the golf club 
arm head 5 is made into a zero. It is a tangent [ in / for the shaft of a direction 
perpendicular to the plane 7 which has arranged the golf club arm head 5 / the center 
of figure R of Z-axis and face side 5a ], and is the X-axis (in the case of an iron head, 
since face side 5a is a plane, a shaft [ parallel to face side 5a and ] perpendicular to 
the Z-axis becomes with this X-axis.) about a shaft perpendicular to the Z-axis. The 
rectangular coordinates shaft which sets a Y-axis as a shaft perpendicular to the 
X-axis and the Z-axis is set up. 

[0058] As described above, RBI distribution of an average golfer is elliptical, and since 
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projection line U to XZ plane of that major axis L is concentrating the X-axis and the 
angle to make on 40 degrees from 10 degrees, in order to double SUWITO area with 
this RBI distribution, it is necessary to set the inclination of the line which projected 
the principal axis of moment with the smallest angle with the X-axis to make to XZ 
plane as the range of 10 to 40 degrees. 

[0059] Then, this invention person first deformed the configuration of the commercial 
golf club arm head 10 (FX[ by SUMITOMO RUBBER INDUSTRIES, LTD. ]- 31 number 
five irons) shown in drawing 2 (A), and investigated about inclination of a principal axis 
of moment. In addition, these FX-31 are the golf club arm head made into the cavity 
back configuration, in order to enlarge area of SUWITO area. 

[0060] What is necessary is just to arrange many weight in the heel side lower part of 
a golf club arm head, and the tow side upper part so that clearly from the relation 
between the principal axis of moment in the case of the rectangular plate of said 
drawing 1 6 (A) and (B) and principal moment of inertia, and gravimetric analysis in 
order to lean the straight line which projected the principal axis of moment with the 
smallest angle with the X-axis to make on XZ plane among three principal axes of 
moment of a golf club arm head, and 40 degrees of angles which the X-axis makes 
from the above-mentioned 10 degrees. In this case, among three principal axes of 
moment, the surrounding principal moment of inertia of a principal axis of moment with 
the smallest angle with the X-axis to make becomes smaller than the principal 
moment of inertia of the circumference of a principal axis of moment with the smallest 
angle with the Z-axis to make among three principal axes of moment which intersect 
perpendicularly mutually, and SUWITO area serves as a long and slender configuration 
from the heel side lower part of the face side of a golf club arm head in the direction of 
the tow side upper part. 

[0061] On the other hand, the straight line which projected the principal axis of 
moment with the smallest angle with the X-axis to make on XZ plane among three 
principal axes of moment, and 40 degrees of angles which the X-axis makes can be 
leaned from the above-mentioned 10 degrees also by arranging many weight in the 
heel side upper part of a golf club arm head, and the tow side lower part. However, in 
this case, among three principal axes of moment, the surrounding principal moment of 
inertia of a principal axis of moment with the smallest angle with the X-axis to make 
becomes larger than the principal moment of inertia of the circumference of a 
principal axis of moment with the smallest angle with the Z-axis to make among three 
principal axes of moment which intersect perpendicularly mutually, and SUWITO area 
does not serve as a long and slender configuration from the heel side lower part of the 
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face side of a golf club arm head in the direction of the tow side upper part. 
[0062] The golf club arm head 10 (it is hereafter called a commercial item.) of the 
above-mentioned marketing Drawing 2 [ golf club head 10" (example 2 of a prototype) 
deleted 20g, and ] (D) So that the tow 10b side lower part of the golf club arm head 10 
of a commercial item may be shown, as shown in drawing 2 (C) While deleting 20g of 
the tow 10b side lower parts of the golf club arm head 10 of a commercial item a tow 

— ten — b — a side — the upper part — and — a heel — a side — the lower part — 
ten — c — a slash — having given — a portion — 11 — A — 11 — B — high specific 
gravity — a metal (tungsten) — having replaced — a golf club — an arm head ten 

— • — ' — » (example 3 of a prototype) — four ~ a kind — ******** — the 
inclination of a principal axis of moment — having investigated . 

[0063] Measurement of a principal axis of moment and principal moment of inertia was 
performed by [ as being the following ]. First, the three-dimension configuration of a 
golf club arm head is measured with a three-dimension configuration measurement 
machine, the PURIPU log ram for structural analyses is used based on this 
three-dimension shape-measurement data, and a finite-element-method (FEM) 
model is created. Next, a principal axis of moment and principal moment of inertia 
were calculated with the commercial software for analysis using this FEM model. (As 
this kind of software, there is general-purpose collision analysis software LS-DYNA of 
the Japan Research Institute sale, for example.) Although this software is analysis 
software which calculates the stress at the time of a collision etc., the objective 
principal axis of moment and the principal moment of inertia in initial form are 
calculable. 

[0064] About the above-mentioned commercial item, the direction cosine of three 
principal axes of moment xi, eta, and zeta came to be shown in the following formula 
(5). 

[0065] 
[Equation 5] 

[0066] The principal axes of moment xi, eta, and zeta with the smallest inner product 
of such direction cosines and unit-vector e (1, 0, 0) of X shaft orientations are 
principal axes of moment with the smallest angle with the X-axis to make. For example, 
the direction cosine of the above-mentioned principal axis of moment xi and the inner 
product of unit-vector e of the above-mentioned X shaft orientations are expressed 
with the following formula (6). 
[0067] 
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[Equation 6] 

[0068] When the inner product of the direction cosine of three principal axes of 
moment xi, eta, and zeta and the unit vector of X shaft orientations was calculated 
about the above-mentioned commercial item and the examples 1 , 2, and 3 of a 
prototype, the principal axis of moment xi of all was a principal axis of moment with 
the smallest angle with the X-axis to make. The angle theta which projection line xi' 
which projected the above-mentioned principal axis of moment xi on XZ plane, and the 
X-axis make is called for by the following formula (7) from X component and Z 
component of a direction cosine. In addition, the positive/negative of the angle theta 
which the above-mentioned X-axis makes makes positive the direction of the 
clockwise rotation when seeing [ of a Y-axis ] an arm head from positive in drawing 1 
(B). Therefore, angle thetaf currently illustrated to drawing 1 (B) is negative. 
[0069] 
[Equation 7] 

[0070] When the straight line to which the angle with the X-axis to make projected the 
smallest principal axis of moment xi on XZ plane by the above-mentioned method 
about the commercial item, the prototype 1, the prototype 2, and the prototype 3 as 
mentioned above, and the angle which the X-axis makes were measured, it became as 
it is shown in the following table 1. 
[0071] 
[A table 1] 

[0072] As shown in this table 1 , it has checked that inclination theta of a principal axis 
of moment could be set as various values to the inclination of the principal axis of 
moment of a commercial item 10 being -4.3 degrees by changing a weight distribution 
like a prototype 1, a prototype 2, and a prototype 3. In addition, like the golf club arm 
head 12 which it is not limited to the above-mentioned thing, for example, is shown in 
drawing 3 (A), to the golf club arm head of a commercial item 10, the method of 
changing inclination theta of a principal axis of moment may enlarge the upper limit 
portion of face side 12a, as a slash shows, and it may enlarge the tilt angle of the 
upper limit portion (top blade) of a club head. Moreover, while turning SOL thickness 
to tow 13b and making it thin from heel 13a in a SOL configuration like the golf club 
arm head 13 shown in drawing 3 (B), from heel 13a, thickness T of a top blade may be 
turned to tow 13b, and may be thickened gradually. In addition, it is not necessary to 
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necessarily lose the neck section like the above-mentioned prototypes 1 , 2, and 3, 
and to necessarily use the alloy of high specific gravity. 

[0073] Count of the above-mentioned principal axis of moment and principal moment 
of inertia may use the surface model created by CAD from three-dimension 
shape-measurement data. In this case, according to the formula of the definition 
which described above the moment of inertia and the product of inertia of the 
circumference of each axis of coordinates of the X-axis, a Y-axis, and the Z-axis 
through the center of gravity and center of gravity of volume which are surrounded in 
respect of the surface of a surface model, it asks by count. It is common to divide a 
CAD model into a minute volume element, to compute the moment of inertia and the 
product of inertia about each volume element from the location and mass for every 
volume element by this method, and to add about a whole product element. Moreover, 
a principal axis of moment calculates and asks for the characteristic value and the 
characteristic vector of a symmetric matrix of three-line three trains shown by the 
above-mentioned formula (4) in this case, under the present circumstances, the 
characteristic equation of the above-mentioned equation (4) — analytical — solving 
— you may ask — Jacobi — you may ask by numerical calculation, such as law. 
[0074] Next, as mentioned above, the configuration of SUWITO area manufactured the 
golf club arm head of the 1st operation gestalt to the 5th operation gestalt which has 
the SUWITO area of the configuration which suits RBI distribution of the average 
golfer whose inclination of the major axis over the above-mentioned X-axis is 10 
degrees to 40 degrees based on the inclination of a principal axis of moment being 
changed, when changing the weight distribution of a golf club arm head depending on a 
principal axis of moment and principal moment of inertia. 

[0075] The golf club arm head of the 1 st operation gestalt to the 5th operation gestalt 
While setting the length of 15f of neck sections to 10mm on the basis of the golf club 
arm head 15 shown in drawing 4 by making into the shape of a basic form the number 
five iron of FX-31 by SUMITOMO RUBBER INDUSTRIES, LTD. which is the golf club 
arm head of the above-mentioned marketing It adjusted in the size which shows the 
size of each part in the following table 2, and the inclination to the X-axis of a principal 
axis of moment with the smallest angle to the X-axis is set as 10 degrees - the 
above-mentioned 40 degrees. 

[0076] In the 6th operation gestalt, as shown in drawing 3 (A) and (B), the 20mm 
cylinder material 18 made from titanium is compared, it is bond-joint structure, and 
15f of 10mm neck sections is pasted using epoxy system adhesives, and the overall 
length of the neck section is set to 30mm at them. 
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[0077] The length of 15f of neck sections and A1 I among drawing 5 The width of face 
of face side 1 5b by the side of tow 1 5a, In A2, blade 1 5d [ by the side of heel 1 5c ] 
width of face and C1 show the width of face of SOL 15e by the side of tow 15a, and, 
as for the width of face of face side 1 5b by the side of heel 1 5c, and B 1 , C2 shows the 
width of face of SOL 1 5e by the side of heel 1 5c, as for blade 1 5d [ by the side of tow 
1 5a ] width of face, and B-2. 

[0078] The size of the golf club arm head 1 5 of the 1 st operation gestalt to the 6th 
operation gestalt is as being shown in the following table 2. 
[0079] 
[A table 2] 

[0080] The golf club arm head 1 5 of the above-mentioned 1 st operation gestalt to the 
6th operation gestalt created the configuration by CAD, and was manufactured by 
beginning to shave a stainless steel material with NC maneuvers equipment so that it 
might have the size of the above-mentioned table 2. Moreover, weight was adjusted 
for the purpose of 250g by adjusting the configuration of the above-mentioned cavity 
back's crevice, and polishing processing performed fine tuning. 

[0081] In addition, inclination theta of a principal axis of moment created and asked for 
the FEM model among a table 2 based on CAD data as mentioned above. As shown in 
a table 2, with the 1st to 6th operation gestalt, it is set as 40 degrees from 10 degrees 
whose inclinations of the X-axis and a principal axis of moment with the smallest angle 
to make are inclinations of RBI distribution of the above-mentioned average golfer. 
[0082] As described above, the configuration of the SUWITO area of a golf club arm 
head is set as the range of 10 to 40 degrees whose SUWITO area is also the 
inclination of RBI distribution of an average golfer, when the inclination of the X-axis 
and a principal axis of moment with the smallest angle to make is set as the 
above-mentioned range, in order to be dependent on the inclination of a principal axis 
of moment. 

[0083] Although it is set as the range of the SUWITO area of the average golfer who 
described above the inclination of the X-axis and a principal axis of moment with the 
smallest angle to make with the 6th operation gestalt from the 1st operation gestalt, it 
depends for the configuration of SUWITO area also on principal moment of inertia as 
mentioned above. About this point, it is desirable to set up smaller than the principal 
moment of inertia of the circumference of a principal axis of moment with the small 
angle with the Z-axis to make the principal moment of inertia of the circumference of 
a principal axis of moment with the smallest angle with the X-axis to make among 
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three principal axes of moment. If principal moment of inertia is set up in this way, 
SUWITO area serves as a configuration long and slender in the direction of the tow 
side upper part from the heel side lower part of the face side of a golf club arm head, 
and suits with the configuration of the RBI distribution of an average golfer shown in 
said drawing 13 . 

[0084] The experiment for checking the effect of the golf club arm head of the 
above-mentioned 1st operation gestalt to the 6th operation gestalt was conducted. In 
this experiment, the hit ball of the golf ball was actually carried out with the golf club 
arm head 15 of the above-mentioned 1st operation gestalt to the 6th operation 
gestalt, and the restitution coefficient was measured. Moreover, the golf club arm 
head of the example of the 1st to 3rd comparison was manufactured, and it compared 
with the golf club arm head of the above-mentioned 1st operation gestalt to the 6th 
operation gestalt. The size of the golf club arm head of the example of the 1st to 3rd 
comparison is as being shown in the above-mentioned table 2. The example of the 1st 
comparison is the number five iron equivalent configuration of DP-201 by SUMITOMO 
RUBBER INDUSTRIES, LTD., and the example of the 2nd comparison is the 
above-mentioned number five iron equivalent configuration of FX-31 by SUMITOMO 
RUBBER INDUSTRIES, LTD. The flat back configuration where the example of the 1st 
comparison has not prepared the mold cavity in the back, and the example of the 2nd 
and 3rd comparison are cavity back configurations like the above 1st to the 6th 
operation gestalt, and the quality of the material is stainless steel. 
[0085] In this experiment, with the swing jazz robot, the hit ball of the golf ball was 
carried out from the above 1 st with the golf club arm head of the 6th operation gestalt 
and the example of the 1st to 3rd comparison, the restitution coefficient of the 
location A on face side 15a of the golf club arm head 1 5 shown by drawing 6 and a 
location B was measured, and both were compared. In addition, the head speed at the 
time of a hit ball was set [ s ] up in about 38m /, and carried out the hit ball at a time 
five balls, respectively about the location A and location B of each golf club arm head. 
[0086] The above-mentioned location A is a location at which the perpendicular taken 
down from the center of gravity of a golf club arm head to the face side and a face 
cross, and a restitution coefficient serves as max mostly as mentioned above in this 
location A. On the other hand, a location B is 5mm in location in 10mm and the top 
direction on [ the above-mentioned location A to ] the face side 15 at the tow 15a 
side. 

[0087] The straight line M to which having asked for the restitution coefficient of a 
location B connects a location A and a location B as shown in drawing 6 The angle 
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gamma to the horizontal direction on face side 15b is about 27 degrees. The angle to 
the X-axis when projecting this straight line M on XZ plane in XYZ system of 
coordinates is 24.0 degrees, and it is because it is in agreement in the direction with 
most number among number distribution of the inclination of the RBI distribution 
shown in above-mentioned drawing 15 (A) - (C). That is, it is because the fall of the 
restitution coefficient of a location B to the restitution coefficient of the 
above-mentioned location A will become small if sweet area leans at the same angle 
as the major axis of the range of the above-mentioned RBI distribution. 
[0088] It is as [ being shown comparatively (decreasing rate of a restitution 
coefficient) in the above-mentioned table 2 ] the restitution coefficient in the location 
B to the restitution coefficient in the location A in the golf club arm head of the 1st to 
6th operation gestalt, and the example of the 1st to 3rd comparison, and a location B, 
and the restitution coefficient of a location A. 

[0089] From this table 2, it has checked that the fall of the restitution coefficient of a 
location B to the restitution coefficient of a location A was small as compared with 
the example of the 1 st to 3rd comparison, and distribution of sweet area was in 
agreement with RBI distribution of an average golfer with the golf club arm head of the 
1 st to 6th operation gestalt. 

[0090] About the above-mentioned iron mold golf club arm head, it is desirable that 
the angle to the X-axis sets the inclination to the X-axis of the smallest principal axis 
of moment as 10 degrees - the above-mentioned 40 degrees, and also makes the 
inclination of SUWITO area in agreement with the inclination of RBI distribution as 
structure of the 7th operation gestalt shown in drawing 7 . Drawing 8 (A) - (D) is a 
drawing for explaining the manufacture method of the iron mold golf club arm head 
shown in drawing 7 . 

[0091] The iron mold golf club arm head 100 of the above-mentioned 7th operation 
gestalt is manufactured with the lost wax process, and the insertion member 21 which 
becomes the head main part section 20 which consists of a light metal compared with 
an insertion member from a heavy metal compared with a head main part is laid 
underground. The insertion member 21 consists of rib 21c which connects heel side 
lower laying-under-the-ground section 21b laid under the lower part of tow side up 
laying-under-the-ground section 21a laid under the upper part by the side of tow 
100a, and heel side 100c, and these laying-under-the-ground sections 21a and 21b. 
With the 7th operation gestalt, while forming the head main part section 20 by 
stainless steel, the insertion member 21 is formed with the tungsten. As shown in 
drawing 8 , the laying-under-the-ground sections 21a and 21b are tabular [ of an 



21 



abbreviation triangle ], and tow side up laying-under-the-ground section 21a is 
incurvating the insertion member 21 a little. 

[0092] Abbreviation 6.1x1 0-6/degree C and thermal conductivity are [ in / on 20 
degrees C - 200 degrees C and / member / 21 / which consists of the 
above-mentioned tungsten / insertion / in coefficient of linear expansion / 
abbreviation 5.7x1 0-6/degree C and room temperature -800 degree C ] 
0.17cal/cm-sand** at room temperature -400 degree C. On the other hand, 
coefficient of linear expansion is [ abbreviation 1 7.0x1 0-6/degree C and the thermal 
conductivity of the head main part section 20 which consists of stainless steel ] 
0.18cal/cm-sand** at 0 degree C in 25 degrees C. 

[0093] As mentioned above, as for the insertion member 21 and the head main part 
member 20, it is desirable to use what coefficient of linear expansion and thermal 
conductivity approximated. In addition, it is not limited above, but the head main part 
member of specific gravity is smaller than an insertion member, and the quality of the 
material of the insertion member 21 and the head main part member 20 will be suitably 
used, if coefficient of linear expansion and thermal conductivity approximate. 
[0094] As a manufacturing method of the above-mentioned iron mold golf club arm 
head 100, as described above, the ROSUTO wax method is used, and as the 
above-mentioned insertion member 21 shown in drawing 8 (A) is shown in drawing 8 
(B), positioning maintenance of the insertion member 21 is first carried out into the 
wax metal mold 30 in a predetermined location in the condition of having held by 21 d 
of retaining pins which protruded from this insertion member 21. In this condition, the 
melting wax 33 is poured into space 30a in the wax metal mold 30 from gate 30b. After 
a wax 33 solidifies, it releases from mold, takes out from the wax metal mold 30, and 
the wax head model 34 of the iron mold head configuration shown in drawing 8 (C) is 
created. Subsequently, the above-mentioned wax head model 34 is immersed in a 
fire-resistant milky lotion, and fire-resistant sand 35 is covered further. Subsequently, 
after drying, it heats and the ROSUTO wax mold (mold) 35 which is eluted and shows 
a wax 33 to drawing 8 (D) is formed. This mold 35 is calcinated at an elevated 
temperature, the molten metal of the metal used as a head main part member is 
slushed into mold, and the insertion member 21 is cast in After casting, the 

ROSUTO wax mold 35 is crushed and the iron mold golf club arm head 100 which 
excises ejection, the gate, etc., finish-machines an iron mold golf club arm head, and 
shows it to drawing 7 is manufactured. 

[0095] The iron mold golf club arm head 100 of the 7th operation gestalt shown in 
drawing 7 Weight the width of face A1 by the side of tow 1 00a of 250g and farce side 
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100b 51.5mm f For width of face (32.5mm and blade 100d by the side of a tow) B1 t 
width-of-face B-2 (4.0mm and blade 100d by the side of a heel) is [ the width of face 
A2 of heel side 100c / the width of face C2 of SOL 100e by the side of 16.5mm and a 
heel of the width of face C1 of SOL 1 0Oe by the side of 4.0mm and a tow ] 1 1 .0mm. 
Moreover, neck length is 30mm. 

[0096] Inclination theta to the X-axis of a principal axis of moment with the smallest 
angle to the X-axis of the above-mentioned golf club arm head 100 was 15 degrees, 
and the range of the range of RBI distribution of the above-mentioned average golfer 
of it was 10 degrees - 40 degrees. 

[0097] The above-mentioned iron mold golf club arm head 100 Since the insertion 
member 21 is inserted and necessary mass is given to the tow side upper part and the 
heel side lower part by the product made from a ROSUTO wax, Weight distribution are 
already made by necessary allocation, and therefore, the manufactured arm head 
itself can obtain the golf club arm head to which principal elastic axes xi inclined within 
the limits of 10 degrees - 40 degrees to the X-axis, without inserting a balance 
member at an after production process. Thus, since weight distribution are already 
made when manufactured, directional stability serves as a good golf club arm head. 
[0098] Moreover, since the insertion member 21 has connected tow side up 
laying-under-the-ground section 21a and heel side lower laying-under-the-ground 
section 21b by rib 21c, endurance is excellent. And a principal axis of moment xi can 
be leaned to a necessary angle, maintaining the conventional configuration, since 
weight distribution necessary by laying the insertion member 21 underground are 
made. 

[0099] Drawing 9 thru/or drawing 1 1 show the golf club arm head 200 of the wood 
mold of the 8th operation gestalt to the 13th operation gestalt. Without changing most 
of a conventional golf club arm head and a conventional configuration, the wood mold 
golf club arm head 200 of these 8th operation gestalt to the 13th operation gestalt 
sets a principal axis of moment xi as the range of 10 degrees - 40 degrees to the 
X-axis, and is made to correspond with RBI distribution of an average golfer. 
[0100] When it installs in a plane 7 so that the predetermined rye angle alpha and the 
loft angle beta may be formed as shown in drawing 9 , the above-mentioned wood 
mold golf club arm head 200 Are parallel to a tangent [ in / for a direction 
perpendicular to this plane 7 / the center of figure of face side 200b of the Z-axis and 
a golf club arm head ]. And a Y-axis is set as a shaft perpendicular to the X-axis, the 
above-mentioned Z-axis, and the X-axis for a shaft perpendicular to the 
above-mentioned Z-axis. The inside of the second moment of the field which 
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surrounds the outline of face side 200b when seeing this golf club arm head 200 from 
Y shaft orientations when a zero is taken at the center of gravity G of a golf club arm 
head, The angle which the moment shaft and the above-mentioned X-axis of the 
minimum second moment make is made into the same range of 0 degree - 20 degrees 
as the conventional golf club arm head and abbreviation (the 8th operation gestalt 5 
degrees). 

[0101] When the above-mentioned golf club arm head is seen from Y shaft 
orientations, the method of consisting of a production process of following ** - ** is 
adopted as how to ask for inclination thetam of the moment shaft over the angle 
which the moment shaft (shaft corresponding to the one where the moment of the 
moment shafts whose two exist is smaller) and the above-mentioned X-axis of the 
minimum second moment make among the second moments of the field surrounding 
the outline of a face side, i.e., the X-axis. 

[0102] ** Take a photograph of a wood mold golf club arm head from Y shaft 
orientations, divide a face outline into about 60, and read as an axis of coordinates 
with a digitizer. 

** Divide into the minute field of about 200 square shapes [ four ] the field which the 
above-mentioned face outline surrounds, and compute the coordinate of each 
top-most vertices. 

** Search for the area Ak of the k-th minute field, and the coordinate of the center of 
figure for the position vector rG of the whole center of figure from a degree type as 
position vector rk= (Xk, Yk). 
[0103] 
[Equation 8] 

[0104] ** a center of figure — a passage — a groval coordinate system — an axis of 
coordinates — XY — being parallel — an axis of coordinates — X — ' — Y — ' — the 
surroundings — a second moment — the following formula — calculating . 
[0105] 
[Equation 9] 

[0106] At this time, the characteristic vector corresponding to characteristic value 
with the smaller matrix of the following formula 10 serves as a main shaft (moment 
shaft) over the minimum second moment. 
[0107] 

[Equation 10] 
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[0108] The golf club arm head 200 of the 8th operation gestalt to the 13th operation 
gestalt As mentioned above, the inside of the second moment of the field which 
surrounds the outline of a face side when a golf club arm head is seen from Y shaft 
orientations, Inclination thetam of the moment shaft over the angle which the moment 
shaft and the above-mentioned X-axis of the minimum second moment make, i.e., the 
X-axis, as a range of 0 degree - 20 degrees Suppose that it is the same as that of the 
conventional golf club arm head and abbreviation, in the case of a hollow arm head, 
change a internal structure, and, in the case of a solid arm head, a weight object is 
arranged in the upper part by the side of tow 200a, and/or the lower part by the side 
of heel 200c. Where the appearance of the conventional golf club arm head is 
maintained by changing weight distribution It has set up so that angle thetaf which the 
straight line to which the angle with the X-axis to make projected the smallest 
principal axis of moment on XZ plane among three principal axes of moment with 
which the golf club arm head 200 intersects perpendicularly mutually, and the X-axis 
make may become 40 degrees or less at 1 0 degrees or more. 
[0109] Since the golf club arm head 200 of the 8th operation gestalt to the 13th 
operation gestalt of the above-mentioned structure makes the appearance 
configuration be the same as that of the conventional golf club arm head, while being 
easy to be accepted in a golfer, since the inclination of the major axis of the range of 
RBI distribution of an average golfer and the inclination of SUUITO area are made the 
same, an average golfer can do the hit ball of the golf ball certainly in SUUITO area like 
the golf club arm head of said the 1st - 7th operation gestalt. 

[0110] The item of the 13th operation gestalt and the example of the 4th comparison 
of the example of a comparison is shown in the following table 3 from the 8th 
operation gestalt. In addition, although appearance is the same as the example 4 of a 
comparison, the 8th operation gestalt is what reduced the whole arm head except a 
neck 90% before and after four directions, and is mostly similar. 
[0111] 
[A table 3] 

[01 12] The wood mold golf club arm head (it abbreviates to a wood-head hereafter) of 
the 8th operation gestalt to the 13th operation gestalt Wood-head TOUR by 
SUMITOMO RUBBER INDUSTRIES, LTD. used as the example of the 4th comparison 
It has the shape of SPECIALS and isomorphism. Since the angle which the main 
shaft (moment shaft) and the X-axis of the minimum second moment of the second 
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moments of the field which the outline of the face of the golf club arm head of this 
example of the 4th comparison surrounds make is 5 degrees, the golf club arm head of 
the 8th operation gestalt to the 1 3th operation gestalt of the above-mentioned angle 
is also 5 degrees. 

[01 1 3] The wood-head of the example of the 4th comparison is hollow structure, and 
is formed by stainless steel. The wood mold golf club arm head (it abbreviates to a 
wood-head) of the 8th operation gestalt is hollow structure, compared with the 
example of the 4th comparison, makes thickness of husks thin by face 200b, crown 
200g, SOL 200e, and neck 200f, and has distributed equally to the upper part of tow 
200a, and the lower part of heel 200c a part for the weight which became light by the 
analog, and this weight (51 g) made thin. Specifically, the stainless steel lump of (25.5g) 
was fixed by welding to the inside of the above-mentioned tow side upper part of 
husks, and the heel side lower part, respectively. 

[01 14] With hollow structure, the wood-head of the 9th operation gestalt was also 
formed with the titanium alloy with specific gravity smaller than the stainless steel of 
the example of the 4th comparison, and distributed the weight (90g) which ran short 
equally to the tow side upper part and the heel side lower part. Specifically, the 
titanium-alloy lump of 45g of ******** wa s fixed for the internal configuration of the 
husks of an arm head by welding to the husks inside of the tow side upper part and the 
heel side lower part. 

[01 15] With hollow structure, with the titanium alloy, it formed, and adhesives were 
used [ the internal configuration of the husks of an arm head ] for the tungsten alloy 
lump of 45g of ******** at the husks inside of the tow side upper part and the heel 
side lower part, and the wood-head of the 10th operation gestalt as well as the 9th 
operation gestalt fixed the weight (90g) which ran short. In addition, it may change into 
fixing by adhesives and technique, such as a shrink fitting and an insert, may be used. 
The 10th operation gestalt makes volume of a weight object small by using the 
material of high specific gravity, and a difference of this 10th operation gestalt and the 
above-mentioned 9th operation gestalt leans a principal axis of moment by allotting 
efficiently a desired location by weight, and makes ** of a principal axis of moment 
size rather than the 8th operation gestalt. Moreover, it is advantageous also at the 
point which is easy to distribute to the location distant from the center of gravity, and 
enlarges moment of inertia. 

[01 16] The wood-head of the 1 1th operation gestalt also made thickness of a face, 
crown, and a SOL thin by having formed with the titanium alloy with hollow structure 
compared with the example of the 4th comparison, and the thickness has lost the 
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protrusion of a neck further. The weight which ran short was as large as (120g), used 
adhesives at the husks inside of the tow side upper part and the heel side lower part, 
and fixed [ this weight that ran short ] the internal configuration of the husks of an 
arm head for the tungsten alloy lump of 60g of ********, respectively. With this 1 1th 
operation gestalt, although bonding strength with a shaft and the reinforcement of the 
whole arm head fall a little, it can use for test forming of the golfer of 38 or less m/s of 
head speed. 

[01 17] The wood-head and appearance of the example of the 4th comparison are not 
changed with hollow structure, but the wood-head of the 12th operation gestalt also 
makes thickness size as it goes crown thickness to a tow side by the heel side as 
1 mm, and it was made to be set to 10mm near a tow tip. On the other hand, thickness 
of a SOL was set to 10mm by the heel side, and it was set to 1 .5mm near the tow tip 
as thin meat as it went to the tow side, manufacture although it is a little inefficient, 
since a dissimilar metal is not used to leaning a principal axis of moment with this 1 1th 
operation gestalt — it is easy and the stress concentration generated when thickness 
does not continue can be avoided. 

[0118] The wood-head of the 13th operation gestalt is wooden (product made from a 
persimmon) solid structure, and is the wood-head PRO by SUMITOMO RUBBER 
INDUSTRIES, LTD. MODEL It is the configuration which reduced DP-901 about 95% 
before and after four directions, and 55g of weights was attached so that it might 
become the aim head weight of 195g. 55g of weights was used as the stainless steel 
lump, and it divided them into 27.5g at a time, and they laid weight under the tow side 
upper part and the heel side lower part. The inclination of the principal axis of moment 
in this case was 1 1 degrees. 

[01 19] In order to check the effect of the wood mold golf club arm head of the 
above-mentioned 8th operation gestalt thru/or the 13th operation gestalt, A 
restitution coefficient (ball speed / head speed) is measured in the RBI location 
shown in drawing 10 using a swing jazz robot about the 10th operation gestalt and the 
example of the 4th comparison which are the 1 operation gestalt, respectively. It was 
made to display by the high line — distribution of the restitution coefficient to each 
RBI location is shown in drawing 1 1 (A) and (B) using analysis software (NECCorp. 
micro-RESEARCHER). 

[0120] The RBI location shown in above-mentioned drawing 10 opened the gap of 
5mm downward from the face at the heel 200c side in five RBIs (A-E) and each 
[ these ] RBI location A-E at intervals of 5mm from the tow 200a side on the basis of 
the center of figure R of a face, and made it 25 RBIs of five RBIs (Af-Aj....Ef-Ej). The 
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restitution coefficient of one RBI used the average of the restitution coefficient of 6 
**. 

[0121] The contour line of drawing 1 1 (A) shows the contour line of the restitution 
coefficient of the example of the 4th comparison, and drawing 1 1 (B) shows the 
contour line of the restitution coefficient of the 10th operation gestalt. With the golf 
club arm head of the conventional example of the 4th comparison, it is in the condition 
which an inclination does not have the contour line of a restitution coefficient at a 
heel and tow side, or went up to the heel side by inclination thetag' so that more 
clearly than drawing 1 1 (A) and (B). Dn the other hand, with the 10th operation gestalt, 
it leaned towards the tow side upper part from the heel side lower part. When it 
projected on XZ plane about 17.2 degrees on a face side, this inclination thetag is 16.9 
degrees and was mostly in agreement with the inclination of a principal axis of moment. 
[0122] Moreover, also when the golf club arm head of the 10th operation gestalt and 
the example of the 4th comparison was used for the average golfer, the test-forming 
test was given to him, and the sweet spot of an arm head was removed a little in the 
tow side upper part or the heel side lower part and carried out a hit ball to them 
[ when the golf club arm head of the 1 0th operation gestalt is used / the golf club arm 
head of the example of the 4th comparison ], repulsion has been improved and 
evaluation that the impact at the time of an 
[0123] 

[Effect of the Invention] Since the angle of the straight line and the X-axis to which 
the X-axis and the angle to make projected the smallest principal axis of moment on 
XZ plane to make is set as 10 degrees or more 40 degrees or less among three 
principal axes of moment, the SUWITO area of a face side can be made mostly in 
agreement with RBI distribution of an average golfer with the golf club arm head of 
claim 1 so that more clearly than the above explanation. Therefore, with the golf club 
arm head of claim 1 , also when an average golfer does a hit ball, the hit ball of the golf 
ball can be carried out certainly in SUWITO area, and the flight distance of a golf ball 
and the stability of a flight direction can be improved. 

[0124] Like claim 2, among the three above-mentioned principal axes of moment the 
angle with the X-axis to make the surrounding principal moment of inertia of a small 
principal axis of moment When it sets up among three principal axes of moment 
smaller than the principal moment of inertia of the circumference of a principal axis of 
moment with the smallest angle with the Z-axis to make The tow side upper part to 
heel side lower lay length becomes longer than right-angled lay length to this direction, 
and the SUWITO area of a face side becomes near with the configuration of RBI 
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distribution of the above-mentioned average golfer. Therefore, when an average golfer 
does the hit ball of the golf ball, the probability for a golf ball to hit SUWITO area 
becomes still higher, and can improve more the flight distance of a golf ball, and the 
stability of a flight direction. 

[0125] Without changing an appearance so much like claim 3, if weight distribution of a 
golf club arm head are changed, among three principal axes of moment, the angle of 
the straight line and the X-axis which projected the X-axis and a principal axis of 
moment with the smallest angle to make on XZ plane to make can be set as 10 
degrees or more 40 degrees or less, and the SUWITO area of a face side can be made 
mostly in agreement with RBI distribution of an average golfer. 

[0126] Especially, like claim 4 and claim 6, if weight distribution of the tow side upper 
part and the heel side lower part are enlarged, or if the neck section is formed with a 
material with specific gravity smaller than other portions like claim 5, the 
above-mentioned angle can be easily set as 10 degrees or more 40 degrees or less. 
[0127] Moreover, in a wood mold golf club arm head according to claim 7, the 
inclination of SUWITO area can be doubled with the inclination of RBI distribution in 
the configuration which hardly changes to the configuration of the conventional wood 
mold golf club arm head. Therefore, when an average golfer does the hit ball of the golf 
ball using a wood mold golf club arm head, the probability for a golf ball to hit SUWITO 
area can be raised, and the stability of the flight direction of stability of flight distance 
can be raised. 

[0128] Also in the above-mentioned wood mold golf club arm head, like, if weight 
distribution of the tow side upper part and the heel side lower part are enlarged, the 
inclination of SUWITO area can be easily doubled with the inclination of RBI 
distribution, without [ claim 8 and / according to claim 9 ] hardly changing the 
configuration of a wood mold golf club arm head with the former. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] An outline perspective diagram for (A) to explain a setup of the coordinate 
in this invention and (B) are the outline perspective diagrams for setting up the 
principal axis of moment of the golf club arm head concerning this invention. 
[Drawing 2] The front view in which (A) shows a commercial golf club arm head 
(FX-31), the front view in which (B) shows the golf club arm head of the example 1 of 
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a prototype, the front view in which (C) shows the golf club arm head of the example 2 
of a prototype, and (D) are the front view showing the golf club arm head of the 
example 3 of a prototype. 

[Drawing 3] (A) and (B) are the front view showing the golf club arm head which 
changed the weight distribution by other methods. 

[Drawing 4] It is the outline cross section in which (A) shows the front view of the golf 
club arm head of the 6th operation gestalt, and (B) shows the formation method of the 
neck section. 

[Drawing 5] It is drawing for explaining the size of the iron mold golf club arm head of 
the 1 st - the 6th operation gestalt and (A) is the front view of a golf club arm head, 
and (B) is the side elevation of a golf club arm head. 

[Drawing 6] It is the front view of the iron mold golf club arm head for explaining the 
RBI location in an experiment. 

[Drawing 7] It is the front view of the iron mold golf club arm head of the 7th operation 
gestalt. 

[Drawing 8] (A) Or (D) is the schematic diagram showing the manufacturing process of 
the golf club arm head of the 7th operation gestalt. 

[Drawing 9] Front view for (A) to explain the wood mold golf club arm head of the 8th 
operation gestalt thru/or the 1 3th operation gestalt and (B) are the side elevations of 

(A) . 

[Drawing 10] It is the front view of the wood mold golf club arm head for explaining the 
RBI location in an experiment. 

[Drawing 1 1] A high diagram — (A) shows the experimental result of the example 4 of 
a comparison — and (B) are high diagrams — the experimental result of the 10th 
operation gestalt is shown. 

[Drawing 12] The front view showing the golf club arm head to which (A) expanded the 
conventional SUWITO area, and (B) are the front view showing the golf club arm head 
which changed the location of the conventional SUWITO area. 

[Drawing 13] It is the diagram showing an example of the RBI distribution of an 

average golfer which this invention person searched for by experiment. 

[Drawing 1 4] (A) The front view of the golf club arm head for explaining a rye angle and 

(B) are the side elevations of the golf club arm head for explaining a loft angle. 
[Drawing 15] It is the graph which shows number distribution of the inclination of the 
RBI distribution of an average golfer which this invention person searched for by 
experiment, and, as for (A), in the case of the driver, in the case of the number five 
iron, (B) shows the case of a number nine iron, as for (C). 
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[Drawing 16] It is drawing for explaining the relation between the principal axis of 

moment in the case of a rectangular plate and principal moment of inertia, and 

SUWITO area, and the front view in which (A) shows a rectangular plate, and (B) are 

the front view showing the condition of having moved to other top-most vertices near 

[ a part of ] the top-most vertices of a rectangular plate. 

[Description of Notations] 

5, 10, 12, 13, 15,200 Golf club arm head 

xi, eta, zeta Principal axis of moment 

5a, 15b Face side 

5c, 15c Heel 

5d, 15a Tow 

15d Top blade 

15e SOL 
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(OM«^B:^#ltLT^^^ 0 Sot, ^n^^^* 

[0017] *&M¥- 7-124275 -^Cfi, fiT 10 

2 4 2 7 5-^{C{^. 7x- Xffi±.tC&{lZ>=fsW7 7$sl> 

[0018] 20 

- 1 2 4 2 7 5W^ N ^^4-h^VT^mm<D 

SifiM!iS*>S. L**U J:Eti¥7- 1 2 4 2 7 5f 
^7^-^®^¥«^#x.T, rco^p«(7)tK^— t< h 30 

[0 0 19] ±iE4#P*p7- 1 2 4 2 7 5 

^^-fefcSirS-^ixS^^^v^fi. ILfcBdS 40 
«««i:S^^^7^7^^ Kf4^7rH: 

[0 0 2 0] *a5Mtt, ±ieLfcSe*co=r/U7^7y^ 

Akd^Vj — y r^)M^7^i/-^^7 r ^ 

fi&ftmz&fritZZ k\C£Q s 7^<U—i/*jV7T — 

[0021] ^^^-h^yrco?^ 



[0 0 2 2] ^^tC^fc, *3SMtt, T^TlsmteiLX* 

3 CDiUjH k U^5 0 
[0 0 2 3] 

2/ Kco^r>^— hniy T\zR\£-t&qH£i\i*xm*<Dis 

y T<ntem*, 977^7 b*<Dm&±mRzfi±m&*'-- 
[0024] *-r\ h^y r^ti, -jftftdn 

_b!2 L fc <fc 5 y * - * S JL<OR»««j&s *; * l 
V^* 5 , 4**0>^iBri s &v\> ^C"C\ 7x- ^ES±^ 

O^Sr3B^««*^i>>f— b^V 7b-tZ> 0 &*5, ± 

&(D^;i>y7$—/u<D%)m&&, tt^HDmrn m>'<? 

0. 0 2^t5 o ^oraM^O. 0 2<Z>{£Tte, 
)V7 9 77^7 b*<Dmm j $>fT*£'fZ>=?Sl'y#— /Ufct> X 

[0 0 2 5] =^7C(Z)ii[^iM^** (X-Y-ZiK) 

^ > h I xx , I yy , I zz f3> TfScO^T^S^tb^o 
[0 0 2 6] 
[Sfcl] 

I xx= J jO (r)(Y 2 H- Z 2 )dV 
I n= ; p(r)(Z 2 +X 2 )dV 
I rz= / p(r)(X 2 + Y 2 )dV 

[0 0 2 7] &tc, «tt»«^T1B(Z>a;-cS**<xS 0 

[0 0 2 8] 

[£fc2] 



I 


XV — 


I 


vx= J" P 


<r ) 


X Yd V 


I 




I 


xz= J" p 


<r) 


ZXd V 


I 


vz — 


I 


zv= S P 


<r ) 


Y Z d V 



[00 29]±K(1) , (2) ICfeVT, pttft* 



(5) 



^¥9- 1 4 9 9 5 4 



Bmtb<omjfc£Lizm&* ftmm&i* t&mmo>k<Dm [0030] 

L = I a) 



Lk 

Lv 
L z 



[0 0 3 1] ±fai* (3) d^T, Lx, Ly, Lztt 
^31®jfitf>X, Y, ZJ&9\ cox, coy, coz te^iIS<7) 
X, Y, ZjS^-Cfo^o 

[0 0 3 2] fl, »Jff^»»*sMH-Sfc«> 

^MffiSr^-t"* (3) TfB©3fT3 3&JO*ffltfT#|0> 

#*WS9I (- I XY , -IXZ, — I YX , — I YZ , - I ZX , 

-In) #0**0, Sot, r. 

[0 0 3 3] 
[ft4] 

I xx — I XV I xz 

— I YZ I YT I Y Z 

— I ZX I ZY 1 ZZ 

[0 0 3 4] imt^^Fitt, «ttii*^5W 

[0 0 3 5] *1\ 11 1 6 (a) tc^i- J: 5 \z s x' «k 
oftSisz' lid? ft («*IrI) <£>S£t- 

[0 0 3 6] 6 fix' to 

smi;»^x' «u z' w^-sc-rsott, 

e#x' tt, z' mt-%ttz>tztbx*hz> Q 

XV-C- h^V T 1 6z)5_b|EcoJ: 5tCX' W^IpI 

[0 0 3 7 ] ftM, ID 1 6 (B) [^-Tct 5 -bflEft 
MSl 5cr)ggo(D]I^;i 7 a, 17b, 17c, 17 
d<0 5*>, —*^#^jBai_h^*>5TH^l 7 b, 17 

fina, i7c r <z>»£\ « 1 7 ' <D±mm 

11016 (A) 0>g;fr712tRl 5 £|5]£T?fo£^ 



I 


XX 


I 


XY 


~ I 


- 1 


YX 


I 


YY 


- I 


- I 


ZX 


- I 


i\ 


I 





CO x 




CO Y 




CO z 



xz 

YZ 

z z 



[0 0 3 8] J£JLb<fc9, 7C)PtUiil{:^ 
20 «f£-=e~^ >- h r t &JjMffi. l 5 

iC±|B^7^9^5^n7 (Hi 4 (B) # 

UK) |c«Si-5<|*«r»fc*T*-^«:«W!S*5»* 

[0 0 3 9]*«ifiH roJiifcllttt^tf^Wtfc* 

[0 0 4 0] ffioT. tt, ^7^7^yK 

ZWilcftitftWIlSrX**, _blSZ#^t/Xtti^>Pf Ltl^ 

40 CSSt 5 3 ow«tti«io 5 *)t?X«i i: ©4tft t^ s 
»Vh*v^«tt^«li*XZVBI^iJb3taG»i:, X# 
cr^tfll^rlO 0 W4 0° KTI-RSLfc^/u^ 

[0 0 4 1] rcofSiRJSicoi: pt-^^^^^y K 

y rasr^w— ^^77- (ofT^c^*^— &-r^ 0 

[0 0 4 2] W**2tt, «*«1(C*3V^-C, ±15^ 

so ^yyh^ avMCiCafi-S3oolIH4*(*^)5*,-c 



(6) 



%?M¥-9-l 4 9 9 5 4 



9 

[0 0 4 3] ^<Dm#m2<D£ 0 3 0^«tt±«l© 

/J^RSLfcifr&Ktt:, 7x-^S^^- h^y 
*T[RjJc*H."Cit[ft*iriRl(7>ft$ J: 9 fcft< ft "9, _tf2T 10 
[0 0 4 4] ±15=0^7^ ^:/^;y K^Si^-BE^-r^ 

3 OCO«f£ ± to<D ft "C X m t <D ft-T ft S 755ft t /h £ V MS 
l 0S^±t4 OfiJEATl-ftSJ: 5^H^i"Sfe«>, =* 

4) 

[0045] ±|E^7^^^5/ K#r>fryi=r^ 20 

K<7)5>^B:£-r£ 3 ocoffif££#tf>ft-ex 
M 4: ofti-ftft^sft fc/h* V MM££«* X Z ¥® tcSjgg 
LfcimfcXrttasfti-fcSSrl ogJ^itM Offi^T 
{eft 5 «t 5 fcBMt-T 5 - £ (K»#* 5 ) 

[0 0 4 6]tt h«?<WJh»*3J:W/*fcttfc— /HM 
T£Bt^ KWJ: 9 bJtm«>*:#ftAJRSrB«i-5 

< LTV^S r tisff* U^. 30 

6) 

[0 0 4 7] ^jvy???*^ 5/ K<^S*#*£:^ffc£-£ 
^^^«fP«fi*^*:#ftJ»»S:«pt,, ±IBbfc 

rtr-x«fc^oft-rftff^*t/hS^«tt±ttS:xz5pffi 

tCg^LfcilC^^XW^^^-f^g^i 
SKTJ-ft5J:5^R*t"«*:«>J-tt* *;x*«B<B*3 

LV\> L^Lftj&Sk, *y^a^fi*tt^7b^y 
KirSr@«i-SW^+^ft»fi«rSL, *y 40 

£ * * * SB £ 7 h 0>S^ffl<Z)l^t£tfs+#T*ft 
<ft5 0 iot, *jx^«fBtt3f»«*J:l9t>ffi<-e#ft 
l\fc«>. *3SW-Ctt, ^y^«FP<7?tt*»tt»ffiS:WUft}ftS 

[0 0 4 8] ±E»*0)7>f 7^I^7^ K 
J*, h!7 y U Wil^, hy-M±.Um 

^^ir— h»*r*r* e&ffia»bfts^3/ k##sbk— 50 



10 

[0 0 4 9] 7^7yf^7^7^y K^Kigfe^ 

^*-*»^e>ft-6^*. fif^i:Ltt), SftSS 
#±-T?PK#ri*ife'K JteLfc#tt£**XMc#LTl 

Lfc**-m**fc-C#ftv\. HWTLSrRJtT, 

^S^fcfcSjd^ W«l5?LS:R*tS^:«>tii«*DXi-S^S 
riSfcSi: £ tic, i>^>T h«asttS:ifAL"Ct^^^^ia 

Kftaw-csftv^ima^fcofc. 

[0 0 5 0] ±IELy5iMH^«-L"C, m^S<D&o 

[0 0 5 1 ] _bK*^>f h «tt 

[0 0 5 2] JifBT-f K^Kafi 

jfett, 17 y ? isV— h bf 

i:Lt, h 0«Ub»«R« <^ t -/HIIIT«aR»3ftS ij 7 

mitP^h7^^^I (MPS) ^rMt^o ^o^M 
*:*a-C*6*U-C, K^ffSfRtttftS&JRoSiKA: 

h 7 y ^ L 1 7^ 7 yi^U7 ^ 

7^->K«^lllU ^a^^r^3I^L, tfc±rf*DX«: 

[0 0 5 3] &tz, »#«7t?, JyKP 



(7) 



%?M¥-9 - 1 4 9 9 5 4 
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x/xm^mm^m^Ymt u ^^^^^^^—^ 

Y<om^b L^ffi^tt$ri:ofc0#, g^U7^7^^ 
K £ Y iitffft ^ JLfc $$<n 7 x - * ffltf«B«^ 

-2 Og^f&fflT'fcoT. ^O, R!?yKS^7 

*^ifi**#< It, g^7^7^5/ KoSv>f:t 

[0 0 5 4] ±E»*3J[7"Ctt, $63(50^7^9^ 
t^So EP^, 5feffSWcofl(rlE«FH¥ 7-124275 

yh^-^M« £ 2 ofta>e> 3 6fl»c«rt-c^a 

dr U ^ffiVtblstzty y Y^y KtCdoV^T^ — h 

[0 0 5 5] ±IB**-f — h^y T&tf^ffi#0«#fc 

tf/ Sfcllt —/MM TS15 fpj ^9 K'ft o X A i¥ * ± b L 
[0 0 5 6] x^^-hxy/^^I^ 

[0 0 5 7] 

4 (A) , (B) [CTjk-fXotC^ ^7^7^>7K5 



12 

7±\nsm\*itb£\^ mi 4 (a) , (b) Mil 

(A) , (B) \ZtMtJ: ? [C, ^U7^7/^5/K5W 

5PB5 7lcSii[*:*lRl^<ft*z*ai, :7m— ^® 5 a (DUhfr 
Rt^ttSSjR^fcoTZtt^SiffftftliSrXW (7^7 

7x-^B5 a Wff-C^oz«i:IB4«^, z<dx 

(Hitfts. ) , x«t;zttnsii:«^Yi<ht6ii: 
10 &mwM*wtfe-fz>» 

[0 0 5 8] JifBL^ctpt-, r^u-^^r-^ 

o»»»L' asxtt£fc-r*|j£tt:, 10° a>fe4 0° 

^^^i±67t^^fi, xwt^^-f-fts^fc/hs^m 

tt*«iS:XZ3|Zffi^*l*Ufcj|»©«#«:l 0° 7^4 0 

[0 0 5 9] ^r.T% #$S0!#tt:, *i\ ID 2 (A) tC 
^•rmiS^^/u^^^y— s/ Kl 0 (ftS^AIf 
20 (*) 8FX-3 1(D5#7^7y) L 

[0 0 6 0] ^7 ^ V ^ 3/K^)3 0<Z>«t£±tt<Z>rt 
atXtt^<^*i-«S^Sv>«t*^tt«:XZspffi^a 

jKbfcao»i:xw<^^-r^s^_hfEi o° ^4 0° m 

It5fc«)^tt, MGIB16 (A) , (B) <D&jjmiR<D 

*r>^— hxy7li^7^7^^ K07x-^ffiw 
[0 0 6 1 ] — ^7 ^ 7 ^ ^ t — 

10° ^&4 0° <b^T-#5 0 ^co^ 

^(cili, 3o<^«tt±tt^5^*t>Xtti:^/j:i-flffi355 

0, X|)-<-hxy7li^7^7^5'K07x-^ 
so [0 0 6 2] _t|amiRC0^7^7^!y Kl 0 (£JL 



(8) 



M?9 - 1 4 9 9 5 4 



13 



14 



t* mlSp p p<^v^9o ) > H2 (b) tc^-r i 5 icflrjEa 

(O^U^^^y—^ Kl 0^fb^*£i$l 0 a £8'JI&L 
t^^y^yKlO' (Kf^Wl) .13 2 (C) 
\z.^£o\cfiiW.nn<n^^y ? y^^y K 1 0 CO h 1 
0 b{&iJTa$&2 0 g»J|» 1^=^:7*9^2/ Kl 

o' ■ «fp«2) &t«a2 (d) «-r <t 5 \cmm&v> 

^jvyfy^^y KlOOh^lO bl&iJTgfl£:2 0 gg'J 
h«>10 bflLbg&fttffc — /HlilTWl 0 c 
1 A, 11 B £riStf:fi<Z>&JR (* 

(Kf^ff|3) ©4«K^ov^r«tt^«iO«#S:P'< 

[0 0 6 3] Wtt^tt&tf^Wtt'*-* v h^JB^tt, 

J^T^ct 9t-LTtTofCo ^7^7^K© 

3 fc7c*tt* 3 »:5c»ttW3E«-e«-!B U r <o 3 ScTcfi* 

( 0.9883X /0. 
-0. 13 2 6 j ;? = JO. 
-0. 0 7 5 2 / \0. 

[0 0 6 6] zivtb<D&fa& J &kx$&J?fa<Dm$:'<? b 
/ue (i, o, o) fc^rtSf^t/hStMRttiWif, 

[0 0 6 7] 
[»6] 

f »e = | f I I e| cos0 

[0 0 6 8] ±iaftT|Sp p p> KfPWl. 2, 3KOV>T, 



v>T^TPSB«a (FEM) *^S:ff«t5. - 

v^iftt* - ;* > h «r w- * l fc 0 (roi^y 
7hiim B*«^w«Bf (*) mmnvi 

fflff^)»«f77MS-DYNA^So r(077h(j: 

?0^^-CO«tt^tt^t/^«tt^~^ v h MUM'S 
^i*s-C#5. ) 
10 [0 0 6 4] ±fBmigp 3 p{COV>Tfi, 3ocDtStti# 
6, 77, C ^*lRl*5SttT1Boa; (5) ^"TJ:5^>S 

[0 0 6 5] 
[f£5] 



0.0416 
-0.2396 
0.9 7 0 0 



20 tftgeit *lRl*3Soxric^i:Z^d>bTE^5S 
(7) tdj; 0**^ttSo fc*5* ±EX*bO7Si-ftffi0 
OIE^ta, [Hi (B) U:*3V>-C\ Ytt^jEir[Pl^e>^^ 

mi (b) ^m^L-cv^^jge f teft-cs>5„ 

[0 0 6 9] 
[3&7] 

[0 0 7 0] JLia<o<fc m^p p p, »Wp1, k 

^p n p 2 &t>WE D a p 3 tcoi/>r > ±.fB<o*ffi-extti:o4 
30 -rfcfttf* t /h S v ^XZ ^ffid&f^ LfcBt 

[0 0 7 1 ] 

1^1] 






net) 






2 50 


-4. 3 


i£f^ An 1 


233 


5. 6 


ttfES2 


2 13 


9. 8 


i^f^pp 3 


24 6 


21. 2 



[0 0 7 2] rco^l C^tJ: 5 rfTJKpp i o <Dm& 
^p R p3CQJ:9{-Sfl:ia^^^fb^-y:6w^ 



te, ±IS^fc COt-PS^ £*Vf\ H3 (A) 

-t^fW^y-f^y Kl 2(^J:9iC x rfilRift 1 0 CO ^ 

12aOJ:««»«:**<U ^5^yKOJ*»» 



(9) 



9-149954 
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f- % m3 (B) |OTt^7^7^^Kl 3(^)J:5 
h?l 3 b{ZfatfXm<-fZ>tmc, hy^U-KO 
< ttt)J:V\ tt*3, iEWft&l. 2, 3<D&? 

[0 0 7 3] iEflttt^ttfttfiW**-* V hcof+IS 

r±, 3 fcsJKDtD'iiiif-^^b c AD-eM 

-&tW4^«tt, -LE* (4) t?«-r3tT3 5iJOSst*MTyiJ 

±ES: (4) ©H#*a**r)WfW*c:Wv^T*«>"Ct>A 
t^U J a c ob i«fe»o*«[|H|[fcJ:9#«)-CfcA 

[0 0 7 4] #ck:, _hlBc7) J: 5 1-;*^— h^yr« 



16 

[0075] »isas»flg^?>m5^i6?[!?flg(o^7^ 

S^II («0 »^FX-3KD5f7^7y^I* 
^ry^g&l 5 f CDfi£2rl 0 mm t i~Z> t *t-> # 

10 i o° ~4 o° rasut^Sc 

[0 0 7 6] f 6^Ifl{3V^H, 10mm^)^^ 
^»15fC, B3 (A) (B) M^-fJ; 5 2 0m 

3 Ommi UP5o 

[0 0 7 7] H54 1 . 1 5 f <£>g£, Al 

ft h V 1 5 ailJO^m — ^® 1 5 b A 2 (it— 

1 5ctl07x-^Bl 5b(Og, Bli* h#15a 111] 
(D-^ls— K 1 5 cKD^. B 2tet— /H 5 c{|l]C0:/ 
20 Kl 5 d (Dm, Clteb?15a M<Z> V^V 1 5 e <D 
46* C 2(it-/H 5 cfloy-;H 5 e^fiSr^Lt 

[0078] mi mmmm^hm 6 mmmmn ? 

[0 0 7 9] 
[*2] 





MS 

(g) 


i . 

(jdu0 


Al 

(no) 


A2 
(mm) 


7-p-rig 

Bl 

(mm) 


B2 
(mm) 


Cl 
(mm) 


;-&(! 
C2 
(mm) 


Httitt 
(deg. ) 








(*>) 


(DP-201) 


262 


50 


51.5 


32.5 


4.0 


4.0 


17.5 


12.0 


-12 


1.480 


1.421 


96.0 


3g21fc»0l 
(FX-31) 


250 


50 


53.5 


31.0 


7.5 


7.5 


21.5 


15.0 


-4 


1. 446 


1. 396 


96.5 


m3*ttw 


248 


10 


53.5 


31.0 


7.5 


7.5 


21.5 


15.0 


0 


1. 450 


1.404 


96.8 




250 


10 


53.5 


31. 0 


7.5 


7.5 


18.0 


18.0 


10 


1.449 


1.418 


97. d 


SS23m?&SJ 


249 


10 


53.5 


31.0 


10.0 


5.0 


14.0 


22.0 


21 


1.453 


1.432 


98.6 


$S3^JfeJ&«S 


250 


10 


60.0 


31.0 


12.0 


4.0 


10.0 


25.0 


31 


1.441 


1.420 


98.5 




250 


10 


65.0 


31.0 


15.0 


4.0 


6.0 


27.0 


35 


1.444 


1.419 


98.3 




250 


10 


73.0 


31.0 


20.0 


3.0 


3.0 


30.0 


39 


1.438 


1. 395 


97.0 


6 HIM** 


250 


30 


60.0 


31.0 


11.0 


4.0 


10.0 


24.0 


22 


1. 445 


1.445 


98.4 



tc, ^or^CADT-MU ^fy^MNC so 2 5 0 g S fll KiMffi U »WSttW**DX^J: 



(10) 
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[0 0 8 1] fc*5, * 2 f , 6 (4, ±E 

b4 o° K&jesti/t^a. 

[0 0 8 2] ±EUtJ:5C= f *7^?^5' K»** 

[oo 8 3] jBiaafi*a*»e>«6**jK«-ctt, x« 

^IOfc-/HITW^ h ?^^77ftK*BS<^#cfc 

[oo84] ±flE* i mmwmt-hw, e nnmmv 

yyyy"~~y Kwafc&aMR-fSfc*^*** 5 r * ° 
©^7^7^? K 1 5 -C-^P(-=f^7^-^^fT« 30 

fg 6 mmmm<r> ^>vy ?yy*^vVb tfcifc Lfc„ Ii 
(80 |!ff)DP-20 1©5fT'f7i'ffiS^fc 

-3 i<0 5#r^Tv«aje«-c*>*. *l»t««tt* 

[0 0 8 5] *^X-(4, *?-f M-J: 9, 

±IEfB l *»bSB 6 SSS^St/B l 3 tfclfcF'i©^ 

t^7^77"^y Kl 5(757'^ — 5 a _kO{£fi 

AtffiBB»S3B«***J3£^W#S:tt:*L.fc. * 

5 ^-f orr« Lfc„ 



«f§gip9- 1 4 9 9 5 4 
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[0 0 86] ±«<fc« A 14, ^7?7 7*- ? K©»-fc 
^fe^-^BCT* bright 7^-*tf>£fr3teB 

T-fc9 , ±12© 4 5 tcr<DteffiAT'R3g#Jbmi£&* 

5 Ji-C? h ■? 1 5 a 1 0 mm. Jbffl)J7Jft I- 5 mraiOfi 

[0 0 8 7] (t*B<oR»««k«:*«>fc«>tt» metc^ 

i-«t9^, {fc«Afcte1tB**M:i«*M»i, 
1 5 b±-CO*¥^|Sjt-^5^av* s ^2 7° T-fo 
9, -©j«|M*XYZffi**^©XZ¥Efc«S*Lfc 
tirox«Hi*fTSftS^2 4. 0° -Cfc9» iBBi 
5 (A) ~ (c) ii^-riTA»*ro«#«>A»»*«>5 

[0 0 8 8] *id»p>*6*iig(?«RwsBi*»e>*3J* 

R««»Rtm«A«>R*i«»»J:«i-5ffi«B-e<oR* 
(R*«»«ffiT*) (4. ±iB©*2fc:*-*- 

ii9 r-feSo 

[0 0 8 9] ;©S2it) > ssi*»fe»6 3ilteg«0>= r 
fuyfyy'^y K7M4, {StBAWR^Sc^W-f SffiS 

[0090] ±Er>f t^S^^?^? kcov^ 

1E10" -40° KJSMEU T<75«#£ 

(a) ~ (d) H:H7ic*i-r-frvairf/i'^^9^ 
[0091] ±E«5 7*i6^««>r>frvS!='^7^7 

y^yKlOOIl h'7 S /^^ffi-C*®itbX*3 , 9. 

MH5*t2 1 *«W!U-CV^S. -fVt-KW2 H4M7 

1 0 0 a«ro±«H!ia»H-S 1* ^ffi'l-tSBStSm 2 1 a • 
t-yHWl 0 0cOT»tlBt»t-*«TWW 

2 1bir, m?)iSS2 1 a t 2 1 b h&Wfe-f 2> V 

72ict±!i45. 17 mmmmx-n, k**» 

Sr^Vi/^^^-C^b-CV^o -f^t- 1(4 
118l^-rJ:7lc. 1R»2 l 3*341^2 l bttRift 
»o««-c, h -7Hi±»«R» 2 1 a I4^r$ft **r 

[0 0 9 2] 'sfr HW** 

2 1 14, «M*!B{l!ifta< 20t~20 0 1CtC*3V vctt 5 . 
0 7X10VC> lfi~8 0 0lCll«^tft6.1Xl 



(11) 



- 14 9 9 5 4 
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O- 6 /K,. Sfte**^S«a-4 0 O^TO . 1 7cal/cm- 

Ott, MB3RAft3^2 5tm^fti 7.0X10- 6 
/X, ifi^ott'O . 1 Scal/cm-sX-CfeSo 

[0 0 9 3] ±M<n J: 5 -<yf- hSl5*t2 l 
K«tt»t2 0 < 5:ttl6«3B«*i3j:t/fReW*dSig{aL 

2 1^7 K**att2 0W»4, ±Efcl«eS:ft 
i\ ^y K*flc»«-3ftW HfBWJ: 5 Jt«*«/hS 

<, a>o, j»«««J»^J:t^i^i»**sigfau^tco-C 10 

10 0 9 4] ±15T>f T^M^y? yy*^y Kioo 

*ffi^T*5!9, HI 8 (A) (c^-f Jife-f hSPtf2 
1StH8 (B) l^-ffrK, £i\ ^7^^i30ft 
^ >-f— hSW2 l hgBtt 2 l J: 

i3:bfc^fc: 0 V2 1 d-c««FLfc«lB-eBf3effi«^ffi« 

3 0 atC^P 3 0 b<tt)^i«l7^^^3 3 £&A^£o 
?;y>^3 3^ifbttf, IttMLT, I7s/^^^S3 20 

0£9&9fctiLT, H8 (c) ^tr^ryl^^K 

^^(D <7 ^/ ^ ^/ K^tf^ 3 4 ^Mt 6 0 o^r% 

T 17^:* 3 3£^fctiLT[H8 (D) ^tP^h 1 ?^ 
(6?®) 3 5^M« 0 :0«3 5^il« 
MIT, K**aWt454«©«iBAI*lli! 

Kl 0 05:Siltri/^o 

[0 0 9 5] mi\Z-^%7$mf&1&<OT4T:/M*fr 
y^yy*^y K 10 0(t Sft^2 5 0 g, *7t — *® 
lOOb^h^lOOa till <Z? 46 A 1 fit 5 1 . 5 mm. fc 
— /MIJ1 0 0 c <DiHA 2f3 3 2. 5 mm, h r>{&iJ<Z):/ U 
— Kl 0 0 dCOtlB 1 ft 4. 0 mm, t: — /WRlJCO:/ 

K 1 0 0 dOifiB 2ta 4. 0 mm, b OftiJCO V — /H 0 

0 e piffle 1 tel 6. 5 mm, t — /MRiJCO y — 1 0 0 

e <0*lC 2ft 1 1 . Oramtfo^o ^fc, *yi7<n£:£ 40 
fi3 0mrat$)5o 
[0 0 9 6] IM^JVy^y^^y Kl 0 0tf>Xttfc:*t 

t5fta^*fc/h*^«tt±iiii^xim:»t5fi* e « 

1 5° -c\ ±iar-<u— ^77- ofr^^tfoffiis 

co 10 0 ~4 0° coSBH"C*>ofc 0 
[0 0 9 7] ±E7^7yS='/V7^7^' ( x Kl 0 0 
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T10° ~4 0° tf^HftfcM^fc^/^^^y K 

*#E#Kfc*S;h/C^S*:«>* #flS?3etta*Aff4=* 
frypy^^y K£ft5 0 

[0098] ^fc, >r>"9— h§B*t2 1 h *«±«« 

Hffi 2 1 a t fc — /HBfJT"Sas«»SB 21b^y^21c 
^•9— h«M* 2 1 SrffiR-rs r. fc -CgfrK<Ofifi#Kas& 

[0099] mmsmmmm^hmi 3 

mtkJ&Wt<n <? v KM =Ou7 ^ 7 ^ 7K2 0 0^ 

1% r;h,&* 8 1 3nmmte<D#y km 

zfjuyy-yzf^y K2 0 0t^5l5CO=r/U7^^y^^ K 
T10° —4 0° OffiH^KjeUT, T-<V— it* fry 
[0100] ±m<?y Y%k^fry*?yy*^y K200 
18 5 7 lew i£¥®7 

[Cifi^^Zi, ^V7^7^y KC07^ — 

2 0 0 b<z)ig^{c*3t+5g?*t-»UT¥fT-c, ^o±ie 
zftbfciSiEfttt&xttu ±Ez*fcteJ;u<xtfi;i*ift/j:(S 
^Yi^U m&*^fry?yy*^y K©»£?Gi:io 
fcl*^, R^A^* y-f^y K2 0 0 S:Y(**(r]^^^ 
/-cB^co^zn — *®2 0 0 b ofi^^rlS^^^^-^:^— 
^vhco?^. Sr'h— > hco^~p< > NWt± 

Ri^0° -2 0° cO©ia (!B8**»1ll"Ctt5 0 ) t 

[0101] JilS^7^7^^ K&YdfcfrlPlJ^feJ!, 
7tB#, 7x- ^®<o(i$PS:iatr^^— J^^e— ^ v hco 
g/JO^—^v hco^e— ^vM (2o#tt 

y hi^ftt 0 mW*J6*t LT, TIGco 
[0102]®!>5/ Ki^7^7^y KSrYtt^ffi] 

^e>^*«asu, 7x-^i»sr«6o»iiL-c7 j ^ 

®±E7*— -x(tW*Htf«**:lB2 o 0fico4^J^co 

®k#@co»/J^«OffiSAk f ^COE^CO^^ffiS 
^^h;Urk= (Xk, Yk) <t LT, ±ft:c0l2I^C0{5: 

[0 10 3] 
[&8] 
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r 0 ; 



£ Ak r k 



[0 10 4] 
[0 10 5] 

Ii9] 

I xx = SA K y' Ky' k 
I y y = XA K x' kx' k 
I x y = I y x = 2 A K x' 
( x* k? y ' k) = r K 



r G 



[0 10 6] rcDB$\ T1E<^^1 0<7)^T^J^^/^£v^ 
[0 10 7] 
»10] 

I XX -I XT 

[oio8]f8 1 3 mm^m<D ^>vy 



fi£3fc(D=Ow:7^ y~f^y YhWtWSkk. U 75>O n 
CO^te h * 2 0 0 a{iy<OiilF|5^J:t//*/ctifc— ^ 2 

o o c{Rij^Ta(-fift(*^ia«Lr, fift^ia^r^x.^ 

#tffiT\ ^;v7^9^y K2 0 0<OSv>(cK^-TS 3 
10 #10° MT*4 0° UTFKtt£J: 5l-R£Lt^So 

[0109] ±mm&<Dm s mmm^hm 1 3 xiibb 

— KattAftbtt*^**^ ffirlEm l 7 HJS^ffi 
(D^/uy^y^^y KfcWMtlc:, r^i/-^^77- 

20 [0110] msmmj&mfrbmi 3mmmm^x^ 

[0111] 
[^3] 



S3 


tttt 


? > 


1*15 




S»3 
£& 


«ttt=J*«> 


19 8? 


S. On 


> 1^ X 

1. On 


Xf> ux 
1. 5n 


> V X 

1. 7di 






I 9 S 9 


2. 7 on 


0. 9m 


1. 2« 


X^ ^l/X 
1. 5m 


3 1 9 


1 Offi 


19 8? 


3. On- 


1. 0« 


1. 5 re 


> 

1 . 7 or 


9 0 9 


1 5« 


351 0*2tiJB18 
19 8? 


3. Oat 


1 . Onn 


*9 > 

1 . 5 nr 


1. 7« 


9 > ? x v- * 
90 9 


1 8K 


mi mmj&m 

19 6? 


2. Tnra 


0. 9 D3T 


1. 2ns 


— 


^ >^xf > 
12 0? 


3 5K 


1 9 8 9 


3. On 


1. 010.0 


1.5-10.0 


1. 7« 




1 3J$ 


si simmm 

10 5? 








/-?— x- > 


5 5 9 





[0 112] ^8M»^1 3S8*«?1B(0^2y K 
!X KTOUR SPECIAL' 9 1 IrJJ^^T^ «9 , 



50 



y*^y Kt±fe^S^5° -efcSo 

[0 113] «4Jtt*«^^s/ K^y Ktt*S«3ST% 
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X\ f&itiJgzWbtk^x* Wt<o$\m*7 2 0 0 

b, ^7>)>2 0 0 g, y-;>2 0 0 e, ^y^200 

»< LfcSS (51g) ^h!)2 00 a <D±g|5<b t— /I/ 

2 00 cOT«fc:»L<»«LT^5. 

(25. 5 g) <n**ri/\s*9l$:$:*fflt<o±.'&Yym±. 

[0 114] fg^Mi^S'y K-s> Kt>+ffl«3t 
^&T^/&U ^Lfcfift (9 0g) 4rh*flJ±ffl£ 

[0 115] mi 0l«£7gl»<Z>*s> K^5/ Kfc*ffi»Jt 

fcS* (9 0g) K©B©rt»iBfttIifofc 
4 5 gO^v^r-^-frASU: h£fflJ±SB£ t:— 'MMT 

[0 1 1 61 mi 1 K^sx Kfc+ffi«JS 

(I2 0g) ro^&Uiifi**, ^yKo 

»Ortffl5?g«S:Sifo/J:6 0 g <D? > 

3 8 m/ s J£*T<£> =Oi"7 r — oWfTK fiffl i^rtW 
[0 1 1 7] mi 2HSB^ffi0^s/ K-^s> Kfc^ffiflfii 

TI*JJ¥«::fc£U h^jfeMftafi-Cttl 0mmi45J:5 

1 . 5 mm t Lfc 0 1 1 ***«"Cf4. 

[o i i s] mi 3i»»io^s/.K^s' kw:, 

o*3W»a-C, ft*:**!* («) Si 

<D*y y 5/ KPRO MODEL DP-901&JL 
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Kfifti 9 5 g left 5 J; 5Kfifl 5 5 g&ffiflttttfco 
fit) 5 5 gtt^x^l^i&d: U 2 7. 5g-5o(CtPtt 
X h9M±ffl$£ fc-^HBSTffl^fi9*SKUfco -<£>^ 

^<^1tti±W<7)ffi#tii i° -efcofco 

[0 119] _hlsm8^J£^7!;Mmi 3^»^<7>* 
10 -C**E*«« K*«) SrWfflJU 

^ff^ffia^-rsR^fft^^JSrWflfy^ h (ne 

Cth micro -RESEARCHER) ^rffl V s gill (A) 

(B) ^i-^iS^T^^^^rfCo 

[0 12 0] ±mm 1 0 lc*-«TjSfflBtt, :7^-*cd 
i^R^S¥(-LX, 2 0 0 aiBS^bt— /V2 0 0 
cflJfc5mmrara-T?5O0>fr^ (A~E) , Ztlb&fT 
/Sttfi A — E Id & V >T 7 ^ — X (O 5 m m <D ffl 

PHSr&ttT5o£>JT;K (Af-Aj Ef-Ej) (7) 

2 5 fTjft* L-^o l oo}T^(DK36flMBcte 6 fT<^R36« 
20 Sc<^¥^)ffl^ffl^fCo 

[0 l 2 l] mi l (A) <D«ffi«ri:|R4i4:IK«oK« 

«*©«*ifcs:^u, iai i (b> t*mi onm&mn 

R*«»^^sSil8S:^i-o l^Ili (A) (B) J:«9 0^b 

5 0 m«c*rL"c, mi om&mmx&t— /miTW«t 

[0122] r^^v?^77H:> mi o* 
h^rfiro^irr^), Si 01116^^7^7^ 

Six, fT«^«*t^*< ttofcfc«>M*#fco 
[0 12 3] 

40 1^3^U7^7^7KTU 3 0<7)«tt3fe*ft^)9 

b/ti£^i:X^^(7)^i-^g^l 0° J^_b4 0° J^Ti- 

>?^7 r-cDfj&mt t isfi-as * 5 w £ a* 

t?*So iot, |f*«10=f/U7^7^3/ K"CttT 
so [0 12 4] M#9 2a)J:5i:> ±15 3 oo«tt±tt<^ 



(14) 
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Tit, hi>«±WA*e>t— yHBT»*lpJ©«S3fl $ * w<o 

1zm&lc, — h^y T^=^yv7*— /W3ftsa*:5» 

JisB < ft 9 , ^7 /uofRiEBtX^tT^rfi] 

[0 l 2 5] it*3S3^<t =ryU7^7^^K^) 
B*»E«rae{bS*«i:, « if^JE-TS r <t ft 

l Mm££«]£ X Z spffiKfi* Lfcii:^ irXit Oft^ft 
^10° J£A±4 0° BTI-K3et?*, ^^i— xmox 

IS— ftS*5 r t Z>o 

[0 12 6] mz. «*3S4feJ;^»*«6<o«t 5t-, 
!<D/h^v^tMt5^ M5*t-, ±.1&ftm* 10 

[0 12 7] Kffl^^^ 

»ttfc»^«:bbft^»tt-c, ^^>f-hiy7©fis 

[0 12 8] ±M$y KSrf^^^^y KfclSS^T 
SFPirt— yu«]TSfB^S*»iaS:*:#<"*"Si:, ffi^t-* 

[HI] (A) r4*»W^*5»t5ft«<OK)gSrKWi- 

5^«>^«EBS**aia^ (b) \tt¥&mz.ffi t z>=t/i>7? : 7 

So 

[02] (A) ttflTJR^^^^^^y K (FX- 
3 1) SrjjW-jEffiEL (B) tt*tf^0iJl<Z5^7^7^ 
— 5/ KSr^i-jEBH, (C) 2 (7) ^7 ^ 7 ^ 

^3/ KSr^-TjEffiig, (D) f^W'J3^^7^7y 

[[gi 3] (a) , (b) \msf>-)sm\^ vmrnm* 
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[IU4] (A) li|6»lW^^7^7K 

[m 5 ] as 1 6 -mmwrncDT-j r^m^^y^y 

Zf-^y \*<D^r8k%:ffi.m-tZ>tzlb<DmX\ (A) tt^7 
Zy-f^y KCDjE®Hk (B) H^7^9^yK« 

[B6] SI«klci3lt5lTjRffi«S:KWi-S^«)^r-< 

10 [0 7] S 7 »l^)7-f 7 yf^7 ^ 7 ^ '7 

[18] (A) Tf£ (D) liS7^WSW^7^ 

7^7 K<ostitxas:^i-«»»Bi-e*>So 
[B9] (a) s mmmmjbmm 1 3 nw&mo 

t?y vm^^y^yrf^y \*&8LW'tZ>1z£><n3Emm. 

(b) (a) <ofiiffiin-efe5o 

[mi 0] n»^itsfr^e^^i"S^:^<o^ 

[111] (A) ttJt««4<7?H»3e«S:^i-**i* 
20 0, (B) ttJBl 0|llS»«oS8ik«*Sr*i-»KlfcH 

[012] (A) f*t£*<D*^-h^yT£tt:*:L 
tL^)V7t7-7^y K&SH-jEffiH, (B) tetSSecD* 

[Hi 3] *«W*3i«j8i«cJ:«3*«>fcT^<u— 

[mi 4] (a) ?>(ft*mmirz>ti#>(»*^y?y 

7^y K©jEBH. (B) liP7hflSrRflt5fc^ 
30 ^jvy^y-f^y K^IffiBtfeS, 

[015] *5SW#* 5 3l»t-«t 0#«>fcT'<i'-^=* 
;V7 7-OjT/S»*©«S^A»»*S:^t^9 
oT, (A) filf^yK^ (B) tt5#T>TT 
(C) fi9Sr^T>-(O^^LTV^-5o 

[sue] ft^s^ai^^wtt^ms^mtt^e— 

T\ (A) »«*»K«:«-riEBBia, (B) teft^fi 

40 [«F#<D»W1 

5, 10, 12, 13, 15, 200 ^7^7^ 
y K 

{, 7J, c 

5a, 15b 7x-7S 

5c, 15c t — 

5 d, 1 5 a h ^ 

1 5 d h y~?-7\s— K 

1 5 e y— /U 



(17) 
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